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1.  INTRODUCTION

This report describes work performed during Phase II of the stator/housing
program for a 5-Mw permanent magret generator currently being built under the
Advanced High Power Generator Program, Contract F33715-80-C-2075, sponsored by
the Powers System Branch, Aerospace Power Division, of the Aeropropulsion
Laboratory at Wright-Patterson Air Force Base.

At Wright Patterson, the program is under the technical direction of Paul
R. Bertheaud, and Capt. Rex Schlicher. At AiResearch, Fred B. McCarty is
principal investigator, Frank E. Echolds is project engineer, and Andrew R.
Druzsba is program manager.

As specified in Air Force CDRL 4, the report contains results of the
critical component tests, a review of the design leading to a fabrication
plan and long lead hardware definition, a no joad test plan and a load test
plan. All items presented require Air Force approval except the load test
plan which was approved during a previous submittal.
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2. CRITICAL COMPONENT TESTS

Critical component tests of the stator housing include the following:

- Bore seal
Adhesives
Hairpin winding fabrication
Conductor impregnation and leach-out fest
Conductor terminal fabrication
Conductor flowbtests

2.1 VITON RUBBER BORE SEAL

A Viton rubber bore seal is used to exclude stator cooling fluid from the
rotor cavity. Tt was estimated during the early part of the rotor program
(F33615-76-C-2168) that a conventional type seal made of aluminum oxide would
be 2 to 3 times as thick as the 0.020 thick Viton rubber bore seal that has
been designed for use on the 5 MW alternator. A thin bore seal is highly
desirzble because it ailows the air gap between rotor and stator to be as
small as possible, thereby improving machine performance.

The Viton rubber bore seal is fabricated by repeatedly dipping a cylin-
drical tool into a container of liquid Viton. The result of this process is
shown in Figure 2-1., After the Viton has air dryed, air pressure is applied
to the inside of the tool, forcing the cured Viton away from the tool surface
as shown in Figure 2-2, The bore seal is then ready to be coated with adhesive
and installed in the stator bore. Air pressure is applied to force the seal
against the stator bore until the adhesive dries.

The fabrication details of the full size bore seal are shown on Drawing
500421. Final installation of the seal into the stator housing is described

in Drawing 500400,

This concept is considored to be developed well enough to be included in
the final design without further component testing beyond what was done in
the rotor program critical component phase and described in technical report

AFWAL-TR-80-2130,
2.2 ADHESIVES

A number of different adhesives are used in the stator/housing that come
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TABLE 2-1
ADHESIVE COMPATIBILITY TEST RESULTS

| Bonded Materials Adhesive Application
1. Nomex - Nomex PLV 2000 Matrix conductor insulator
2. Silicon steel- Cycleweld Stator stack
silicon steel
3. Viton rubber - PLV 2000 | Bore seal end support
G10 epday glass .
Test Zxposures Bonded Materials
1 2 3
Methylene chloride Disolved No No ,
4 hrs, rm. temp. bond effect effect : ’
Air (baseline) No No No
_96 hrs, 350°F effect effect effect
Coolanol 25 No No No s ,
96 hrs, 350°F effect “effect effect . '\
DC 200 No No No
96 hrs, 350°F effect effect effect

PLY 2000 is a Viton rubber based adhesive

Cycleweld is a nitrile phenolic adhesive

into contact with potentially reactive fluids. Sample testing was done during
Phase II to determine what reaction, if any, takes place between the important
adhesives used in the stator and three different fluids. The results of this
testing are shown in Table 2-1. All of the bonded materials retained their
strength after being exposed to the various fluids at temperature with the
exception of the Nomex-Nomex bonded with PLV2000. This bond was completely
degraded when exposed to the methylene chloride at room temperature for 4
hours. The Nomex to Nomex bond is formed in the process uf fabricating the
matrix conductor insulating jacket. Three sides of the jacket are formed in
the winding fixture, the wire strands are layed in place, and the jacket is
closed by folding over opposite sides of the Nomex and bonding with PLV2000.
This bond is only required to hold until the conductors are inserted in the
stator stack, after which they are held closed by the tightness of fit in the
slot. Methylene chloride is flushed through the conductor to lezch out the
winding impregnant after this fit is accomplished. '




2.3 HAIRPIN WINDING FABRICATION

The stator of the 5 MW generztor incorporates hair pin windings, each
terminating in specially designe. terminals. The windings are formed from a
multi strand conductor comprisi..g 36 strands of #26 A.W.G. magnet wire bonded
together with an adhesive and jacketed with Nomex insulation. After the
hair pin is formed and the conductor is installed in the stator or the test
fixture, the adhesive is leached out with methylene chloride.

Fabrication of the hair pin winding was a major portion of the Phase II
development and testing effort. The winding was fabricated in the fixture
shown in Drawing 500434. The fixture has the dimensions and special features
to fabricate windings that will fit the final stator and the test fixture.

Before use of the final hairpin winding fixture, tests (experimental
fabrication) were conducted on a prototype fixture to develop fabrication

methods. Views of the conductor feeder used and the prototype winding fixture

are shown in Figures 2-3 and 2-4. The prototype was used to fabricate the
first hair pin conductors. In the fabrication, the 36-strand conductor was
wrapped four-in-hand using adjustable tension blocks to assure equal tension
in each strand, and a swivel guide was used to assure the proper sequencing
and guiding of each strand. After measurement to verify proper dimensions the
assembled conductor was sprayed and wiped to apply the adhesive (wiping pro-
duced the best results, and schemes to mechanize the procedure are being

investigated).

The final hairpin winding fixture is shown in Figures 2-5 and 2-6.
Figure 2-5 shows the winding fixture with the side plates attached, capturing
a fully-bonded, 36-strand conductor impregnated with the stiffening cohesive
agent VPE-5571, and Figure 2-6 shows the hairpin or knuckle end of the winding
as wound and inpregnated in the winding fixture.

» Using the completed fixture, conductors were fabricated for the ensuing
tests. Figures 2-7, 2-8, 2-9, 2-10 and 2-11 show the completed conductor.
Figure 2-7 is an overall view of the hairpin. Figure 2-8 shows the coolant
hole in the Nomex insulation jacket. Figure 2-9 depicts the lead extensions
for terminating the conductors. Figure 2-10 shows the hairpin winding knuckle
and Figure 2-11 shows the cross section of a conductor. Figures 2-12 and 2-13
are views of the hairpin winding showing tha terminals attached for test.

The bending qualities which make for a useable conductor were demonstrated

during specific bending and forming experimentation and by use of the conductors

in flow and other test setups. Work to improve conductor fabrication technique
is continuing., These include precut, preformed insulators to achieve a more
accurate conductor matrix and facilitate conductor manufacture. For example

a special punch was designed to form cooling holes in the conductor insulation.
Figure 2-14 shows the tool designed to punch holes in the cooling jacket, and

Figure 2-15 shows the punched conductor as installed in the coolant test fixture.

Face dimensions of the punch are 0.060 by 0.100 inch,

T s s e o




2.4 CONDUCTOR MATRIX IMPREGNATION AND LEACH-OUT TEST

To develop techniques for leaching out the conductors, two sample conductors
16-in, long were fabricated. They simulated the actual stator configuration
with top and bottom coil sides, and proper oil passages in the insulation
jackets were used, The bonding impregnant was successfully leached out of the
conductors, AiResearch Memo 19318-45609-019 detailing the technique is included
as Exhibit A.

2.5 CONDUCTOR TERMINAL FABRICATION
Conductor terminals were fabricated for use in the flow test and the final

stator. The assembly is designed to hold pressure, provide dielectric capabil-
ity, and accommodate thermal expansion. The design utilizes double J-rings,

Nema grade C11 insulator {machined from spiral wrapped stock for coolant seepage

protection) and a high-conductivity, zirconium and copper terminal element.
These components are shown in Figure 2-16."

2.6 FLOW TESTING

Flow testing was conducted in tne test rig shown in Drawings 94-38-0434
and LSK 17367. Figures 2-17, 2-18 and 2-19 show the test fixture unassembled,
a closeup of the coolant relief at the conductor inlet, and t-2 assembled
components. Figures 2-20, 2-21 and 2-22 are various views of the flow test
setup. An important part of setting up for the flow test was insertion of the
hairpin into the test fixture, a function verification of the hairpin winding
dimensional and bending characteristics. Figure 2-23 shows the conductor in
the test setup. Figure 2-24 shows the crimped ends of the corductor in the
test setup. Prior to installation, the ends of the conductor strands were
dipped in MeCl solvent to remove the forming adhesive and the insulating enamel
was stripped from the strands. End-lacing of the Nomex insulation jackets was
provided so that coolant oil would enter the conductor matrix at the end of
the insulation jacket (see Figure 2-25) The figure also shows the thermo-
couple installation for the tests. ) '

r

For the tests flow meters were installed to measure the flow in each sec-
tion of the conductor and the differential pressure across each inlet-to-outlet
was measured. O0il viscosity me surements were made at various temperatures.

Temperature °F Viscoéity, Cv
70 _ 5.18
100 1.73
130 1.85
150 1.25

Resistances of the conductor and the insulation were measured. At 20°C
conductor reactance was 0.007322 (within 1 percent of the calculated value).
Insulation resistance measured at ambient temperature and 500 vdc was 150 b
1092 without cooling oil and 3 x 1012q with cooling oil.
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[nitial flow testing yielded extremely low pressures and high flows as
comparea to those measured auring previous conductor segment tests.*

Delta Pressure
Across Section,

Section No. Flow, gpm psid
1-2 0.0220 10.89
2-3 0.0220 1¢.50
3-4 0.0220 11,60
4-5  0.0220 14.79

Coolant flow was then adjusted to occur in all sections simultaneously
as in the final stator configuration, The following results were obtained.

>Delta Pressure
Across Section,

Section No. Flow, gpm psid

1-2 0.0227 10.65 | ;

2-3 0.0432 ' 10,29 \
Conanon inlet !

3-4 - 10.60 f

4-5 ~ 0.0226 15.90

Section 4-5 required a greater pressure than other sections; subsequent
back flushing and retesting revealed imprcper leach-out of the conductor.
The conductor was replaced and a more extensive leach-out is being performed
at the time of this writing. Uniform coolant flow through each stator section
and each conductor must be maintained in order to prevent the formation of
local hot spots and possible conductor burn out. This prelimenary testing
illustrates the effect of incomplete leach out on conlant flow. Once a

im0

complectely leached out conductor is fabricated, as evidenced by equal section Voo

flows, testing at current density will begin,

*See AFWAL-TR-80-2130 for details. !
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_Figure 2-1.

Bore Seal Tool Coated With Viton




Figure 2-2.

Inflated Bore Seal on Tool




Pt o s e

Conductor Feeder

Figure 2-3,
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Hairpin Winding Fixture
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Figure 2-




Figure 2-6. Winding Knuckle End in Fixture
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Hairpin Winding

Figure 2-7,
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Winding Knuckle End

Figure 2-10.
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Flgure 2-13. Winding With Terminal Attached (Detail)
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Figure 2-17.

Unassembled Hairpin Winding Test Fixture
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Flow Test Setup Dverview

figure 2-20,
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Figure 2-22. Flow Test Setup
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Figure 2-23. Conductor Installed in Flow Test Fixture
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JBJECT:

14 REPLY REFER 1O

AIRESEARCH MANUFACTLRING COMPANY OF CALIFORNIA

w
. 19318 -45603-019
= OFFICE MEMO
A. Druzsba perr. 938  patEs Oct. 15, 1981
€. Gibson 93-18 3505 P. Fizer
DEPT, EXY. COPIES TO: F. McCarty
Assembly of the Advanced SMW Permanent Magnet K. Ramezani

Generator Conductors into insulating Jackets.
introduction

The materials used to bond the conductors together for assembly were the
following:

Material Source

Vitel VPE-557! Goodyear Tire and Rubber Co.,
Chemical Division

Methylene Chloride Commercial

Trichloroethane Commercial

Perchloroethylene ‘Commercial

Typical Adhesive Formulation

Vitel VPE-5571 450 grams

Methylene Chloride . 3.00 liters

Trichloroethane .75 liters

Perchloroethylene .25 liters

Total K.00 Titers

Vitel VPE-5571 is a polyester resin that exhibits high specific adhesion
to various substrates, the most important being polyethylene terephthalate film
(e.g. Mylar). Its excellent chemical and thermal stability, flexibility, and
cohesive strength make it a good candidate for bonding polyester films to copper
foils and wires for the electronics industry. In addition, It has high solubili-
ty In chlorinated organic solvents and will also melt flow at temperatures below
450° F, For these reasons, it was chosen as the bonding agent for assembling the
conductors into the Nomex paper insulating Jackets.

Procedure (See Figure 1)
Assembly (performed by P. Fizer and K. Ramezani).

The conductors were aligned, coated with the Vitel-5571 bonding solution
and allowed to alr dry at room temperature for approximately 10 to 20 minutes
in band widths of four strands each. The banded conductors were then placed -
nine layers high Into an insulator Jacket that was costed with the Vite! ad-
hesive on Its internal walls. A grooved metal fixture was used to assist in
the holding of the insulator jacket during the stacking of the conductor bands.
This procedure was repsated to produce two Nomex paper jacketed, & x 9 conduc~
tors each 16 inches long.

Vitel YPE-5571 Removal

The conductor samples each had 2 small {approx 0.1 inch in diameter) oil
flow passage -ut thrcugh the Insulating jacket at their mid sections. They
were then placed Into the grooved metal fixture in a slot sample configuration
(as defined by P. Fizer) with both ends open.

FORM T3 (1479
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LECTURE BOTTLE
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CASKET
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FIXTURE
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Figure 1. Fixture Components for Conductor Assembly
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Ref: 19318-45609-019
October 15, 198)

The metal fixture was then fitted with a rubber gasketed 1id that sealed
the open groove to form an enclosed channe) around the conductors. A pressur=«
ized nltrogcn line was fitted at a threaded opening in the 1id over the con-
ductors’ ol | passages. This assembly was then heated to 450° F in an air clir-
culating oven and a low flow of nitrogen was passed through the conductors.

After the dripping of the Vitel adhesive from the open ends sppeared to
stop, the assembly was removed from the oven and prepared for solvent extrac~
tion. A 250 ml, metal lecture bottle reservoir was fitted to the assembly in
place of the nitrogen line. Approximately | liter of fresh methylene chloride
was pasied through the assembly by gravity addition. This was followad by an
spproximately | llter methylene chloride power flush by applying a tow nitro-
gen pressure to the top of the lecture bottle. The cleaned conductors were
then dried by allowing a low flow of nitrogen to pass through the system at
room temperature for 10 minutes.

The conductors were then removed from the assembly, sectioned, and vi-
sually Inspected at 30 x for cleanliness. No adhesive was noted,

" Concluslions

The procedure used in this first, cursory study was the best that could
be conceived without extensive testing. Additional study is needed to mini-

" mize pressure, temperaturss and solvent volumes before the development unit

Chrls Gibson

Materials Englinesring
Approved @wmgm ‘

D. W. McGrath
Materials Engineering




3. DETAIL DESIGN -REVIEW

During Phase II the final detail designs were completed. These designs

are fully compatible with the rotor scheduled for delivery early in 1982.
These designs were incorporated into the fabrication drawings which form the
basis for the rotor fabrication plan,

3.1 FABRICATION PLAN

‘AiResearch manufacturing engineering participated in the detail design
process; each detail was reviewed for producibility and was approved by the
. cognizant manufacturing engineer before it was released -to production. 1In
preparation of the fabrication plan, the manufacturing operations were deter-
mined by the manufacturing engineer. These operations are presented in
Figure 3-1. This figure shows the sequence of operations; the time span
required is reflected in Paragraph 3.2, Long Lead Item Descriptions.

The figure is presented in three parts; parts 2 and 3 are keyed to the
assembly sequence by the letters A and 6 as indicated below:

500L02 MACHINED STATOR NOUS ING 500403 MOUS ING AND STACK < 500400 MOUSING AND o 500405-1 GENERATOR ASSEMBLY
20669601 MACHINED STACK ASSEHBL73 SUBASSEMBLY STACK ASSEMBLY

2046960-2 MACHINED STACK ASSEMBLY '

CONDUCTOR
HOUSING AND STACK ASSEMBLY COMPONENTS
(FROM PAGE 3-5/3-6)
GENERATOR COMPONENTS
(FROM PAGE 3-7/3.8)

_ Drawings used in determining the manufacturing operations are included
in numerical order at the end of this section.

3.2 LONG LEAD ITEM DESCRIPTIONS
Long lead 1s readily determined from the fabrication schedule presented

in Figure 3-2. As shown in the figure, overall fabrication and assembly of
the complete generator is 13 months.
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i N




S004;
MO (N a acy TG .

NG UM J wsmeer L} “ouUs
et 10 00 X I WAL AT mess oEsun STONES ous
WOUSING 08t TeRt1 anm
woass 1 i NG 8a0M0R 1 N

AL ALY RATE une b4 owa fd O™t L] oeeumm b mseect b stomes s = VO L1 msmcr oMt S} i b4 oteume fd meseect
priind o1 T8 3 oren) Ress U8 AssY s00™ sy
Avanus
g -sTOMET i
$00828 2 11 AL ALY B4R ENGo omaL
J 081 16 e F W pmess [ otsumw [ msercr b stomes
S00429 SO0 Y 1y
[l
iy son te e [ vesmn b msstcr ] stomes susmoRt veo ) weeecr s M ceavmm b1 owsmecr 1o stomes
SPRORT raG
SUB ASSY
w008 13 11
jteuiiung o [ oemma 1 wseect o stomes
WOAS 1y S00414 1
nan . L T owa el [ oewuma [ mssect | stomes | natt o S I as H vesme L4 merecr (] sromes |
TEm—_L SUS ASSY
sooazy s L aan ot H oeeume |4 wesct || stomes
e
200073 1 1k 2048960 3 J 2066960 1 2

N ASSEMBLY Asseumy oo

LAMATION 007 Teck - ssmcr b amear (- stoms stack oven |- weree; | sroms staca —
STATOR GEW rRess Assy SEnCH l L a%sy G
sracx Gawe
. FIXTURE ARGO®
2008782 ™ onch
Lhmmaricns 007 THCK e o ssmer (] wwear [ stomes
108027 908 (A8 MQs
ACHESE -
e
2000473+ 111M 2048900 2 1] o0
Tiow 7 TeecR e L] ggeect [ awvear [ sroms STACK  —d ASSEMBLY ovin o AU L] serecr |4 stoms - Srack 4 om0
STATON, GEN Fress ASSY SENCH Sencn assy
Grwo
]
1000229001 (A8 MDY
AonEsIVE
AN 781 010 g ome | | assenme wno seaL e rom4
MATEMAL 410 NOMEX PNCH DN WINDING TG Y| WSULATED -4 saxt - AND KNUCKLE
WYLON PAPER e ron | |00 wsaton [ ] wes T [
con
T00L FOMMNG
$004 314 o0
meSTALL
AP Y
e ”":"“"‘ :’?!o“ b4 matmx
ASSY SN
watmx wirsL voe
- " 30LVENTS
maATOR Ay 2000
P IO

NOUSING ARD STACK CORMPONENTS SR0M PART 2 PAGE 3 3
QENERATOR COMPONENTS PROM PART 3. PAGE J-&

N




sonax ey n
) Sl o 818408
! ;?:'s(:. ::1?.. -  wane wsPCT :ﬁ]"‘" ,‘.:;.. -«,53?“,. u“"n;oa n'::‘ L] wsrect b s
‘: rasmcano SUB ASSY STace assy | Assy
‘ AUCIRENT
. ®EE® & ©
|
r I,——————~—-~---
‘ FLUORES L _J ) l—
LAB fa 11} |
::;v »—1:;';:'.' stomes werect |4 sTomes stomes
POO™
[ OUSHG
statom ] ‘2‘::» L wemcr | stomes |
MaACHNED
o | memer stones
[
ARGO®
- srones
Grme
Anson
L A 20777
3-1. Stator/Housing
Fabrication Plan
n {Part 1)
3-3/3-4 )

ks O Sl

e

- i"-law-“;,f‘,,.,.,,;.«-




0043y 1

00438 ' 10w
WSULATOR
NEUTRAL FenG.

500438 2 2
MEUTRAL NG

S0040:1 t 214
wSULATOR

w0432
SONE SEAL
ASEY

GLASS
o™

oS m
DEtans

2004271 4
42 REQDY
TERMNAL
BEC
900826-0 1
NEEVE
0004362  un
VASHER
TEAANAL A

DETARS

NEMA GRADE G
EPOXY GLASS S wme fd wseecr stomEs
LANINATED
A AYRATE ENGIvE oAl INSTALL ')
“w0st 18 Ahg  [T] Peess [T oteuam L adid INSERTS INSPECT fu“u }" WSPECT 14  STORES
MEMA GRADE G11 MOLD oAl
EPOXY GLASS [add ™1 smesg  [T]  MestECT STORES
LAMMATED PRT
coMPRESS.
0N MOLO
NEMA GRADE G111 »OLD L
EPOXY GLASS TR mess [ WMSPECY STORES
LAMINATED PANT :
l
COMPRES
$10M MOLD
AssemaLy ovin ASSEMILY ressunt
= = WSPECT 1 on STORES
ENCH (BAKE) ENCH EAK TEST
828 HEX BAR ENGNE
ZICOMNIUM COPPER AT [ otsuen L1 wesmect sTores
COA-150 tMARDY “ OFER)
NG
NEMA GRADE
tate  Ld werecr |4 groees
G11 100 Dna BAR 2 oren)
NEMA GAADE NGNE
Q11 100 DA BAR LATHE INSPECT sToRES
PURCHASED




LAa2e8

Figure 3-1. Stator/Housing rabrication Plan
(Part 2 Inserts at A of Part 1)

3-5/3-6

-y

2.
~



ELE Y'Y
KA BEARING

SaMy?

oCHASED - e
BOUCER BE AR, - - R
30040 aa 5
oAt
NETAMER o) oND 2350 f:'::( |- eroFne E:"‘S‘S Ld oramn o wseper b anooe RSIIE U5 N —_
BEARNG
N TAPE
HOLONG
BuYORES
4340 STFEL
2047324 Mac
amcaars . s acs
MOUNT RESAIENT € 00D TUBING Sumact L1 esorne L oeaume b mseecr f A o eemo H oo wmmo b I S T S L STORES
BEAMNG . S AAL, . N INGPECT
HOLDING )
FIXTURES anrBOR
sooays 1 ¢
10-0D n4 1 ENGINE R
SUPPORT ASSY 1018 S Mn LATHE __:‘Gr,mom cates H{ oeaumn L mseecr H o cemo (] 0o wemo [ wssect cap rate o mspect |4 sTORES
sEARNG aoPER, CACHINE
—
N ¢ TAPf \
fovi GRIND GAND
:2"8:‘&(; FIXTGRE BT e
$00420 (11
AL ALY MATE VERNICAL N CPROS I oRL INSTALL G
€MD BELL ASSY 7078 17381 CATRE o vacrint | press DEBUAR [ INSPECT | wsests [ ANODI2E  [—4 INSPECT }—f STOAES
HEAD FNOY
N <
APt AND
HOLDING
FiXTURE
1507 THICK PLATE
S0a32 1 ENGINE N CPROFIL oA HEAT INSPECT . INSTALL
- 13 L1 1 — —q G -t " i
N0 8Ew asSY g0 TN A [ G waacn mess  f] UFBURR ] onsercr rapar [ wear tRear 10 GHIND 0D GRWD = \oPECT | ANODUZE nSPECE 1 CERTS wSPECT

GRND GRIND
X TURE 1 FURE

()

2046874 11 42500 x 378

. FINSH
WALL TUBING ID GAMO —1 00 GRINO t—1 apn [ DEBURR ] INSPECT p—) PER H oneercr B4 stomes
SPACEN 1018 s 99 matg

sor GRIND cruSH
FIXTURE ARBOR 9 ROLL
000 BAR
2067328 (M
it ENGINE
SPACER ::nss;w ang |- Desura L ;':E‘A', || Suneace L1 o orro E4 oo cano [ mester J stomes
GRIND"
ARDOR
010 ST STAW
1
207328 ) gy geee poeer 1] wseecr [ stones
WASHER M 1010 O 1020 STL .
.. FINAL CONFIGURA TION OF DUCT 1S NOT LEFINED
pucrs
oucT® FINAL CONEIGURATION OF DUCT 1S NOT DFFINED
wsc
ofTaxs
2043080
ROTOR ASSY

—————




a2

NGEAT.

warecr pof WSTAL L pgrect -1 sTOREs

Fig

TG T

Y]

-

e

o

LA 20178

3-1. Stator/Housing Fabrication Plan

(Part 3 Inserts at B of Part 1)

3-7/3-8 2

e —




-

. 2 N . . . . it}
: R . : . TGN e g SAPE W Y e e, s s
anpayds uogjeataqed °2-¢ aunbi4
137740
0°Y°V SHLNOW
[ Si 'l 1 1 £l I 4] ol .__ i ol Iy 6 l 8 4 { 1 9 I S Fl ki b £ I 4 I
r L ¥ ¥ L LD L ) ] 1 L) 1] ¥ L 1]
AIGHISSY Y0104 0589%0UC O
-O- 2V
SZELH0Z ¥IIV4S
-O— A
#L89M0Z Y¥3IVdS
INNOW \J wzelhoz ﬂq
INJIT1S34 ONIHYIE o~ <7
¥INIVIIY ONIYWY3IE >~ 10%005
~O- 2V
8ZELHOZ ¥IHSYM WIHS 7 -
a®, Vv
Z€h00S 1738 ON3
O a
0Z7005 1138 anN3 _ ™7
y o U AMV
SEH00S 1¥0ddNS 7 SIONI¥VI] ~
127005 W3S 3xos d
£29005 SWNIWy3L 7
140915 D O— \/
Rk A18WISSY TYNI4 ASSY = 6£700S 87005

ONIY IVYLNIN :

W¥04 GNY (891) "ONOD XI1Y1VW ONIM

oot00s

0969402

123NNOD YV 1S

VU
SIA3NS q
X3WON 8V4

ANV SONIGNMIM 1¥3ISNI O1V1S

£04005
ASSY 3IVLIS ONISNOH

20%005
ASSY ONISNOH
QINTHIVMW

NOI LY 1¥8Y4 3137dW0D ®
NOI1YI1¥8V3 LuvIS O

ININOJWOD ¥3IQHO @
IVIYILYW MVd ¥3IAHO AV
aN3937

0£4005
ASSY ON{ISNOH
d3073m

SLBINOT SNOILYNIWYY ”” “

(£) SNINNNY cmoeoomo
N\
3801 INISNOH 7 1£4005 V

39NV13 ON3 av3y /014005
OV
39NY14 ONI 1NOYZ ™ | 15005

3-9

|
t
]
l

P




INDEX OF DRAWINGS

500400 _ Stator and Housing Assy
500401 Bearing Retainer
500402 Machined Stator Housing
500403 - Housing and Stack Assy
500409 Annutus Subassy
500410 Housing Support Subassy
500411 Plate Flange Subassy
500420 End Bell Assy (Lead End)
500421 Bore Seal Fabrication
500422 ] Bore Seal Assy
500425 Annulus Details
500426 Terminal Insulator
500427 Electrical Terminal
500428 Flanged Terminal Plate
500429 Housing Support
500430 Fabricated Stator Housing
500431 Housing Tube
500432 _ End Bell Assembly
500433 Bore Seal Support
500434 Winding Assy Form
500435 Bearing Support Assembly : ,
500436 Ball Bearing (Purchased part--not included) o
500437 Roller Bearing (Purchased part--not included) .
500438 Neutral Ring Insulator : ;
500439 ' Neutral Ring
518402 Generator System, 10MW |
2046855 Balance Weight
2046874 Spacer : .
2046875 Lamination (
2046960 Stator Stack Assy ,
2047040 Bore Seal Tool End Cap \
- 2047043 Spacer
2047176 - Bg~~ Seal Tool Body
2047324 Resilient Bearing Mount
2047325 Spacer
2047328 Shim Washer
2047329 Warning Label
$4-38-0434 Stator Cooling Test
LSK 17367 Stator Cooling Test Rig
3-10
o o en e w_-,h.....m.‘...._...'__.,..._. . e

t——

lIIIIIIIiiIIIIIIIIIIII'lIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIlII.lIIIIIIIIIIIIIIIIII-IiIIII;IlIIIIIIIIIIIIIIIIIIIIiIIII




f
H
|
g SENNNN = 02 THICK NOT WEDGE
/ " NEMA GRADE(G mrn&\
5 > ' SOr FILLER
G ';577"' feer cerae B A ] ,~ cenres puncn NEMA GRADE (Gil) MATERIAL
SCALE BYf (SEE SHT /)
: R 500438-2 ‘v mza)
INSUKAYOD f
N Y 0 ) |
— 056-030!- 94:6(3(9:&,- SCaLE 5//
—
F
E
500438 - [:0RfaD)
T __INSULATOR REF
paniin l
'
—e:s osu nzo (12 Pto0)
“G-2 Cup 302 Chts
° !
1
i
- i
|
i
BORE SEAL (RLF) ’
¢ Cass CLotm(ker)
|
P
020, 75 5TTE SPACL i LR
NEMA CRADE (Gl MATERIAL
3 REGD :
— \/ LN NS 250 {
T arcr LUG (04 REQD; !
|
[ )
OETAIL
| 3caLt s/
W 0 W N SN DO (I " LS -
1L N L N0 N S LA S 0 B T e orarmet Crnn
| ARSIV e LA T ¢
l 6 I S , 4 I
bl e . : T T T R A G AN RIS - - 4ot




AEvisiony
T ..

I

e— T8I0 BORF MfAL

oo D =
SCH9LE 57 1 .-

oL ATLR
€1 kE O [

\ 1
“r0e¥m - ORI :
Y SLLATSR GEF - - U SV U U
i

-
5-550-9470 112 READ,
737 63 Al uD 300 CREs
Sauf 20 22 BN o
- |
| —
o, i
{
. . -~ i
- BORE SEAL RLF ( I - ‘
— €388 CLOTH REE, s o P c
\ R G
‘ -
DE e STRIL FrlR
GRADE (Grir waTER:AL - -
o cecrion F = F B
]|
i
.
-~
-r’
'.)
)
v :"
i i
! —
¥ |
{
M
A
-y
70210 ) g “
AOTS ASS OTEE SCAMD £ 5 O‘I‘:.?v
IME 1L ot CLECF e
; 4 T 3 [ 2 i 1
3-13/3-14
o - - bl e - . e A L L A W 2 A Sk G, A o -
. BE——




8 500403/ HSG & STACK RISY
( REQD) e wiTE

J5 MIN HIGH
TYP 5 PLACE:

53055618400 \— o N
SUEFIING

G
i
X / '
N on
Y / our |
u X ) i
N "Aﬂ l
o | —— 1S (£ 2)
SEE ST 2 N ‘
M83I248/1-268 \,
F AN
- N—
7 500433 =/ | ! ! ! f
| SOMPIRT (2 REQD)
!
| 4
' § ' i
i i t ?
oot t
1
5004121 i
ICTUR |
oy \\;;
SAOEID -/ RALS ———\ i
o| Trecan)” \’\
ofo~oso:-9us(n(r;_\ f
per we—— . . i
| | e35-031-9420(RFFI— X O o RN 1 H S S f_-;_—
\ R 3 . !
SO0438 -2 ——— - SEISTCY 77-032 NASHER '
WISULATOR (2 R20) N . (43 REQD)
Sa0E78-/ . -
] AR (o 26a0) g Py
] (Seeswr2)
| - secrion A-A
A1S 75649-2365 MIT
\ (729 REQAD)
B2 T~/ TERMINAL
| A15 75649-205 MUT \ (499 7£a0)
(¥3 #£a0) / e AS 1523CBE O NG
3} .gi.zs -507 WASHER (43 REQD)
¢ A4S 82ICBE O RING
o | sas70v63-032 Wasuee (%32 R£oD)
(#3 REQD) e SOOG 26 / INSULATOR
(#3 ”E@o)
~ 500426 -2 INSULATOR
(2 REQD)

A\ sceeve wime wirn nassna(rznou suen
m ERNALY (00 NOT BRING SLEEYING THROL
CONER JOINT WITH MEL-A-46050 APPROX.
TMERMOCOUM F WIRE (YYR' " 95 a -wm

T 2ANT Doy wINDING - AP0
200 ONE OROS PER 7S 184605

TR WRLRS ONERRE IEOPED




—INA ETAMS APPROI. AS CHOWN

TYP 5 PLACES

—

s on Ao A

WIRE WTw $903SF18(TENON Sll’l’vlkd owy
l~¢’£{4( V"(ID NOT BMNG 5[ FEVING T) z(’ll’ 1NG.)

ﬁ COVER JONT WHTW AL-A 48030 m .19 Porce

THERNDCOUME wive (TTPE N ° ua -com (myno;v
).agravm A'S SHOWN, § PLA . —— e TR
TRy, "%"’ﬁ‘f - [z 300400
t 4 1

3-11/3-12




o

272 DA THRUY —
9 HOLES

S YY)

(725 BA) —

212
zo‘oux‘mﬂu

view A*A

r-_r-r:-'

1.32

22
2]

1.30

a3 wi
x s
/7 a5 DR OEPTH SHOWN .

[N
LI 250 yneT L

ATER PLATING —

|

f ? 3 &3oom
4134 .
4153 D'A al ) /
[AT565S A
a3z, e gt
4.30 D™ 03 49
ol rt Yeadd
. n
s e

A3
L ‘1 rve

.08
| —%%e ree ] 534
1 S,

l‘l‘

=03
[001]

f§)?

14%- 1 TYP

.06 , 50"
Dia 08 40°

A 'E PER MIL-A 8625 TreE T CL
D% e Fep 5P 595 A 25180,
TS LN O SECNeS

SN B Nrh -“-"-L
LT




mama ||

byl
l
g
o 0 SOOAON =)
SRS EE e 2 S Nt e T
S D e o
2 diy BUATE 3075 homer RETAINER,
- dd-a-2ion2
. I SOND 1330 o~ —~—— BEARING
PN 7€ 0FR iy -A- 8625 TYPLR CLA%S 2 t 4 5 -
CoLOR & 50595 ma 23180 = : U r
s v s v 44, t 70210, S00401
APPLICATION ] — Jwwst {00 §
3 { - 1

1 4 !

.

3-15/3-16

SRR




94948 o,
94924 oA

— S W
| | i

; t N :w: ,,O——f::_..-;'p S
? S SRS S I W

v//
T ¢
i
#3
3

" 54 STARTING OA1

. 35 ™*
\
1.0, /
g ™ ‘ /
A L"_V e
—

.

/ G
ol Qi BB

BPLACES

__A___’- —

Q3

o - _ IFGNE A
37 594

RADIRL LOCATION OF HOLE'S TO BE SLTWEEP
ANDOIZE PER Muj -8 -8625 T7PED CL 2. COL
$IR FED-STO-599) WHERE INDIC
L\ AIGNMENT OF GROOYES BETWEEN RADIAL Si0

¢ | O - t 4




"
ha
i
I (.

e -—G,—b’-p—t‘ Pt

e and

o

———

t o €
)
4
i

e

'
e

Y
L

=4

[

p

2, 80DIZE TIR A
e re0 310599

-

L

3740 N

e
4
Ilﬁ 2]
S¥IL
- N\ SRRISER uamptaTmad

]\ Aa0iai 10CATION OF HOLES TO BE BETWEEN ANIAL 10 SLOTS

n-8623 TYPET CI 2. COLOR ML (2 2518
: 23 TYLERE iORATED AY ‘. I

ﬁ} AIGNMENT OF GROOYES BETIEEN RADIAL SLOTS RS SHOWW NOT MEa0
SRS VLIS SRETWL SFICRD

-

30 inad Rad
a

<,

i ]

[l
ey e ]
L

FISSING 87470

AIAC 2 NED

4




T

A INSERT

i) FOR 11 AR NF 18~/$D/‘ LGTH
'-’A A JCH INSERT PER MS 335
Af SIR M5 1SS wFMOVE mNc
Al as SHCWN BT AT

M3124111 (BREAD)

R

vaw F~F

\

EFELIE I v-N T J—

=3 T~
e O ASSRT LD ASS 33537
ST Ml AT E TRVES
5 £ SOAED A HARED %)
- ) Q3
VEERT M5 124736 (P FELC) Qe
(M)

v:EwM "M

(2 PLACES)

N aswrlnnrr—,
114 10_7

r—»?j« oL 4.5044.-1/ 43"

secriov J~d

-ttviw M - M
— 517~ $I2° N TR
/ W MES SINED A SOV
' I GROUPS £Q SAICED

. - D FOR 25028 INE 3O \ 20 LENGTH &
: MKV S INSERT D VIS 93537 Y
VST ER) A IS IISTT SENIOE NG )
S £d AACES -

e o) | .
INSERT M5 21204~ [TRELD) \)S\

25 - 270 W TR
2 /ﬂJsfS £Q SPIED

5107
REF g

G ACE,

secrion G~G

™D roR 112 uumr-

wE(ICAL COL INSERT F

IN.WAM PFP M3 3357
PLACES RS SHOWN

ms(ﬂr Ms:za m{

s I 7 ]

0 I 1 : l




a3 TmRU

SHED I8 S~V
25 £ SO0

e

§:7-852.0 3 "=

E AR LY

< ..‘::.\“:;‘J;“? -b"’:d:“ v
4+
D S DR D9 NF I8\ 2 DA LENGTH
bodo i e e VIENT ER VIS 32537

- R l '.)‘ FIEI7 -REAINVE TRNG

3’:3 wm-a
CISEET Wy 2 Pove-d > REGD)

A R e Rt
by .:5 £J SHED

[ moondubons! I Lo

e

"9’\

/Z—— SEE ViIEW T~-T

secrron G~G

WOM 142 -48UNF - 33-!50‘
SERT P 51537

WELICAL

N3TAL xf?us” 3 d

¢ PA mﬁ@ -
msnr m:znn (8 REGD) vitw T T

(2 PLacEs)

~ f" .07 DiA THRL
S NOULES APPROL 3T APART

{

oeran. K
SCALE 2,7
~TwD O] 280 28 LINF -33
& 1.5 VA LEAKSTH * DEPTH SHOWN

e iCA COL NSER™ &R NS IIS37
/Acr-a.L PER RIS 39537 -EMNE NG

DUACES. (mSERT M3 2/8736)
.' pelterdeZ]

.70 mAx

um 50040?

|

t 4 [ T3

01‘ 3-19/3-20




0

SECTION B - B

A
15.9 32(REF)——emi
Oc74/L N
ScALE Y

END LAM MUST
8E THIS SIDE

300402-1
HOUSING

20469601
. STACk

2046360-2
STACK

-1

R

Lol RS

A,

N R, SIS,

.

]

=z Vavd > Vv VA < el AL LT T AT
w&
: b\\
"
15.942 -
15 922 o

Alf ALl 4 SIACKS ARE INSTALLED AT QYE TIA

THIS DIMENSION MUST BE USED.

IF ONE STACK AT A FIME IS INSTALLED T
LOCATING DIMENSION MUST BE UISFD.

5 A BLANKEF MAY BE USED TO COVER THE

4

3

2

1

HEATERS TO RETAIN THE HEAT,

STAIOR SLOTS MUST BE IN LINE THRU ALl 4
SIACKS, A DRILL ROD OR CENTERLE SS GRULIM
CAN BE USED FOR ALIGNING TOOL A MIN
OF 3 RODS MUST BE USED

HFATING THE THE HOUSING YN 5 X0402 -1
370°F « 20°F BY JSING STRIP HFATERS €
TROULING THE TEM™ WITH A THERMOSTAT ¢

FOR VISUAL INSPECTION OF STACK Al1GN.it
IN RESPECT TO THE OHl SLOTS IN THF HOS
CAN BE SEEN THRU THE PORTS.

PARTS MUST BE SET UP AND PRFALIGNFD 1}
FIXTURE PRIOR TO ASSY.

NOTES UNLESS OTHERWISE SFECIFILD

8 1

] l

5 4 ¢

TR ok B L B A oA RS R




2047043-1_SPACER (3 REGD)
REMOVE AFTER ASSY COOL

2046960 -2
STACK

2046960-1
STACK

~y

Aa e

ISTALLED AT OVE TIME
T 8€ ustD. |

€ 1S _INSTALLED THIS
MUST BE Usto

SED TO COVER THE
THE HEAT.

—— INLINE THRU. ALL 4
CENTERLESS GROUND ROD
?NM;GO TOOL A MIN.

HMIG gmsamaz-/ (7
STRIP HEATERS ¢ OON -
2 A THFRMOSTAT 08 OvEN,

AT L7 L5 O A B ST P 7 A AT LI ST ITED Y & B0 7 UV L5 5 AV 7 85 5 8 & 7 ¥ & A %
NI RN RS S S SSASAANANN AL

AMAMMMMMM LW W

STRIP HEATERS (4REGD)
REMOVE AFTER AlL & STACKS
ARE INSTALLED ANO THE ASSY
HAS BEEN COOLED TO 200°F MIN.

wt w0 500403/

- \\\\\\?\'2 ’

S CONTROL POR SONIS E‘l

OF STACK amlIGN~iNT

L]
A B OF Twkl BARNETY

-

| HOUSING & STACK

SLOTS IN THF HOUSING
YE PORTS.

#D PREALIGNED IN A

[ riierrran )

SUB ASSEMBLY”

: ] ISRt L . ol7ozlol 500403
APPLICATION | 22 A Toweer7  os/
i) 4 | 3 - 2 | 1
3-21/3-22 9,
”——-—-.' ~ - T




This. mm‘mﬂam designs and other informat
wiuch are the property of THE GARRETT CORPORAT:

the part disclosed hers

A B\ PORT PER MS3364

\—500425' c

5055, FORT

\ V4

500425-1
ANNULUS

]~_.__,.~_._

FULL R

e

PART NO. 500409 - |

UNLESS OTHERWISE SPECIFIBD:
SURR CONTROL PEN SC883 CL O

STD INTERPRETATIONS PER P06 =
IDENTIFICATION MARKING PER

m. [Cog

| ~~11rve CASGN

vaLul &

MaTy

2\ 1OCATE 8055 ON FIAT PROVIDED ON MATING e —
PART ¢ WELD AS SHOWN. e

WELD PER AIRESEARCH SPEC WBS 18 P00 B A 08 L
n Y GOVER
NOTES : UNLESS OTHERWISE SPECIFIED - VSEON




This draweng CONtaIN OeLigNS NG OINEY INTOrMBtION NEVIJIVNG
which oo the property of THE GARRETT CORPGRATION.

Eacopt for ngnts eagressly granted by contract to ZONE |LTR DESCRIPTION DATE APPROVED K
the Unitad States Government, this degenng rmay not,
n whois or n part, be duphcated or diickaeed of
used for manulscture of the part diciowed heren,
without the prior wntten pervssion of THE GARRETY
CORPORATION

FoCT PER M533649-24

N
\,

70
—E N~ 500425-2 A
N BOSS, PORT L2
x \— 500425-1 Lot
ANNULUS .99
* @]M @].01 l
: .32
. ' EY TYP —amey
‘ FutL R(rre) M-
1 o
| — — N - — 9 —
| ==
i - + =} —
, .
. XN\ A7~ o
! Q
:
VIEW I\ ""\ . i
p—

PART NO. 500409 -1

UNLESS OTHERWISE SPECIFIED:
SURR CONTAOL PER SCE53 o
STO INTERPRETATIONS PEA P10
IDENTIFICATION MARKING PER

MC18
jmaTERIAL

AIRESTAREN HARUPASTURING SONPLNY
¢ A DIVIBION OF THE SARAKTY CORGORATION
TORPAMCE. CALICDRNMIA

—p——
CONTRAC NO

ANNULUS.
suB.  ASSY

C|70210| 500409
SCALE ’[Ll Isweer /7 or/

4  3-23/3-2

AT = "“’”S‘fz’ﬂ&wﬂ%‘"“"“‘" _—— ‘ .

T s 2 I S




870 -.888 DIA THRU
PORT PER MS33649-16

@BIrol .02 D14

§

designs and other information
of THE GARRETT CORPORATION. |-
angressly pranted by cantract to
Gavernment, thus draevng may not. |
duplicated or disclosed ar
the pert

YIEY?
ik
fig

ih
1

i
¥

hergn,
parmesion of THE GARRETY

3

§
i

2.09
— 500425-3 ‘A
2.03 / 8055, PorTL"
500429 -1
/ SUPPORT, HOUS,
k e
i Hy
| by
tl 1
] ' ‘
1} | |
T i
i} y 1
i : :
™ T
0" i
N
H
]
i : )
i ty
I' 1
| i
l: j ;
~ﬁ‘---4'll----
PART NO. 500410~
UNLESS OTHERWISE SPECIFIED: a
BURR CONTROL PERSCES) CL 8
STD INTERPRETATIONS PER PG
WDENTIFICATION MARKING PER
ne1s Cw
| e
A LOCATE BOSS ON FLAT PROYIDED ON MATING R TROTTS e
PART ¥ WABLD AS SHOWN.  Co— 5
3.3 G
WELD PER AIRESEARCH SPEC WBSI18 TCNA00430- 11518 303 - T bresrraaares ez
NOTES: UNLESS OTHERW!ISE SPECIFIED REQ %ﬂou GovemmAnTw

)




REVISIONS

ZONF [LTR

DESCRIPTION -

OATE

“’/‘

\

500425-3
B0O5S, PORT

500429 -1
SUPPORT, HOUSING

il
-
S
<
S
9
F
PART NO. S004 /0 -1 ,
TR T, o — I ey
T TIONS e ot -, TORRANCE, CaLiPORNIA
::::fmurm MARKING PER 2O/ 1% .
SUPPORT, HOUSING
SUB. A55Y
S AN oL W ICE N B T Ll o
A C|70210f 5004/0
SCALE //p | |sneer 4 oF ¢
3-25/3-26

Sl N R R al e P




This dramnng contiins Jesgns and other nforn
whwch are the prperty of THE GARRETT CORPORA
Excopt for ngts axpmcsly granted by contip
the Umted Sui;: Government. ths drawng may
- "
vied

870 - 888 DIA THRU
FPORT PER MS533649-16

BIFOLoz Di4]

:

L

— g e e e -
e

|
I
|
|
L

UNLESS OTMERWISE SPECIFI€0:
SURR CONTROLPER 8C8683 C( B
STO INTERPRETATIONS PER P198
:g;muvm MARKING PER

E‘l LY

\ PART NO. 500411 -1

B\ LOcATE 8055 ON FLAT PROVIDED ON MATING = =
PART ¢ WELD AS SHOWN. i

[\ WELD PER NIRESEARCH SPEC. W85 18 - eI B T e
NOTES : UNLESS OTHERWISE SPECI FIED | megnl nexy assv [ _ysepon —

APPLICATION

l , 1




’f

| e 0 e prasarty of 10 GARRETT CORPORATION |- REVISIONS
ATION

Lacont for ngnrs aagessr gronved by sentipct te | JONE LR DESCRIPTION DATE APPROVED K
"o Unitad Siotes Gevarnment, thg @romnng may net,
» et o W Bt 00 ApicNd & $icheed o
veed tw mamdactun of the part Maciesd Merein,
wrthod e proer wntten permaaen of THE GARRETT
CORPORATION.

m— ' 5004253
AN BOsS, SoRT 2\

500428~
%/ﬂ’/ /_ PLATE. FLANGE

] - - =

["500ai | W}

S

PART NO. 500411 -1

UNLESS OTHERWISE SPECIFIED:
SUAR CONTROL PER SCI C( 8
STO INTERPAETATIONS PER MO8
::v:moumn MARKING PSR

!

| S

ARESTAREN MANUFASTURING SOMPANY
A DIVISION OF THE BARRETT CORPESAATION
TORNANCE. CALIFORNIA

e PLATE, FLANGE

ﬁ.ﬂ SuB ASsY
:)‘3 TA,L-..,. <2 * '
I [SBA0T T freroeeerers ST C i70210| 500411
AsSYl Wil
LCATION SCALE ponved | Jsueer 7 oF A
b /¥ 7 ¥
T A MRS R R R S AR - - - -
L — i ) e




s l 7 | . | s i 4
N
2l
3 OA TR 272 o
— S HOLES 12 HOLES
23 ous SR ore
8ACK 3I1DF
[]
[ 3124796
(o #eac)
ne
1294 D
2435 oa -
"‘u 000
-
‘ E‘
- g
$
2 "
] 13.63%
5.es A 1265
233
os_L |l
z9s
o /
| e
.32
Fe- (Y. 5
Y3 zizgere-to 36 6 M——
=
g g
27
¢ 23R 13, 2% LD
et A o8 “emEmere s
.250-28UNE-IB . HELICAL, COK. 1 MS3IxAT 348
MELICAL GHL INSERT PERMS2 3257 INSTALL, PER MSA3SY1-REMNE TANG 323
P o A e 12 BL, (MAT OLL OEPTH .13) ) ) LL_
- 84 ‘ l
ety
[ ]
-
A A rree
& ftaoal&ﬁ'n‘z':'-‘sr‘o . ::;:’m rs‘:’a
L 3 T I 3 ]
s 7 ] O | s } 4
-/




R
LY
]
33
Y [
-} oro
i ‘.I /—:011 ol
- a
F
B o3
R < ey
' /‘.:o"' e
[ 4
v =57
23
a4.74%
% om ® i 8435 |s.4’1 .45 o
Z[Aloos) [ (TasDn | (AT m
543 o -l
uu 000 a0
‘ 8] P T ¢t
N - -
15638, 1
- [ X4 ) +2%S T
] 1293 . 13.99%
s ag [PTaTc04)
s o
/= °
" L
1g9r¢-r0 3 o] l f‘
o 11 -
3/
| 7
.-EL- . .
o= ' <
2o, -
2I0-PUNF -3B X 2 DI LENGTH 2 13 i DRAST ANGLE (0PT)
M. WAGRYT PER MS33S1Y s ' Y d
DR MIBISET- AMMOVE TANG 323 , o P\
£ 0S4 OEPIN 73) B | 388
A7
BAS
-4 ) 1
p
]
e 5002201 -'J
(0 ?Z"Jéma. Eh(:D BELéLN S)SSY "
223002, am S LEAD A
A 2E PER MIL-A-8625,TYPL B, CLASS © N mere— T ——"
tao;:u:-rm.yg.” , WO 29 140, o g 0 tl70210 500420 ‘
APPIIRATION "] (o 3
[} ] 4 I 3 2 !
3-29/3-30 Ci
- ’.. s ¢ e e MR -




.06 MIN
VITON THICKNESS
Tvp L

PRESSURE &
FABRICATION PSID IN
SFEP 1. ASSEMBLE mcm/vro PART.S FINDND 1,2,6,78 ¢9 as 0
{OMIT CLAMPS) AS SHO | -_, o
STEP 2. :PA?AY mrmr ASSY W/m FIND NO 11, LET DRY r BUFF 16
LIGH 4.4} 05
STEP 3. DIP Assnwszr IN FIND NO. 10 TO OPTAIN BUILD-UP AS SHOWN. 8.80 10
STEP 4. QIR DRY FOR 48 HR. THEN STEP CURE,  STARTING AT 150°F 32.7 .lo
IN INCREMENTS OF 50°F PER HR. T0 300°F T e e —
TOTAL CURING TIME 4 HR. (PROOF
STEP 5. ASSEMBLE CLAMP FIND NO.5 AS SHOWN. PRESS)
STEP 6. REMOVE FIND NO. 9.
STEP 7. PPE: SURIZE INTERIOR TO TBD PS| TD SEPARATE BORE SEAL
T BONO LINE. (SEE DEFLECTION PRESSURE SCHEDULE)
STEP 8. R[MOV! PRESSURE.
NOTES: UNLESS OTHERWISE SPECIFIED
8 7 5 4
‘ e PR ]




I

1
i
1
i
!

A GRU SR S NLTISPIVND
TONE [LTR 0F SCRIPTION OATE amovd |

i

i
|
1
i
f
be

it
b
!
|

!
5
|
!
i
i

:l
]

H

i
H

[

-

L I.SQ |
NESS MIN

N
|
l

ESSURE &
PSID N
88 0 )
1.7 0 S
1.44 .05
3.80 410
2.7 .10
=
PRESS)

mrw. SEE SEPARATE PARTS LIST

UNLESE OTIE MNSE S0 HD: CONTROCT WO
mmm“::;-mz‘ A SIVIBION BF THE BARRLTY CRRATERATION

ANCE. BALWORMIA .
DSNTICATICN MANING MR ] nt - e, A

uc1e d WYY T

SEE SEPERATE [fmawes BORE SEAL
— FARTS UST | FABRICATION

S e B v 7l D|70210I 500421

APPLICATION / SCALE T T Toweer 1 0% 1
: 1

3-31/3-32 J

4

f— . . T . N '.».;’;x'.;;.




(

1
25.50 MIN
TRIM LINE
(STEP &)

———— e
|
i

BORE SEAL INFLATED

FABRICATION :

STEP 1- aAPPLY FIND NO. 3 ADHESIVE UNIFORMLY
TO EXTERIOR OF FIND ND. | OVER 36.50
MIN LENGTH, =¥ & £5 209 -0

STER 2-INFLATE BORE SEAL BY APPLYING ¢5-35 2

STEP R-CURE FLR RS 209 ¢ MAINTAIN 25 -3%5 PSI

STEP 4 - REMOVE PRESSURE

STEP S- REMOVE BORE SEAL TOOL.
STERP 6- TRIM AT POSITION INDICATED
STEP 7- IDENTIFY ASSY AS

P

a- g e - - —

PRES!

di




| HeoY-Y4l kel il 1
atmien ST e Sn wdmaten REVISIONS
:"-‘."-.".:."' -:-:: &". aonwest 4o | SONE [LTR DESCRIPTION "BATE | APPROWD | R
[~ :

- PRESSURE
PART NO. SEE. SEPE.QATE PARTS LIST
a..:‘#r:::: L — o s A

S BOFZE SEAL
- ASDY

ST K i
e i R o|70210| 500422

APPLICATION scntfu”| T(n )y o

RS Ny v -

3-33/3-34 ;_,

B e W R T Y




8 | 7
-~ 35 - =
I
L
19 50° ’
iaRay TP
ON EACH SIDE - -
OF FLAT
(o [ 1.03
71.00 S a9 ,50°
» 177 ap®
2 oL
e et -y
|
SER(YP)
B 0 ! 26
Z10.015 . .
10.010 Dia — l-o—_24 TYP ) -
ANNULUS -1
SCALE=1/2
A .
' /\ AL ALY 6061-Te PLATE
QQ-A- 250/11 COND T&5I OR
AL ALY &061-Te BAR
QQ-A-225/8 COND T6S5i
NOTES : UNLESS OTHERWISE SPECIFIED
| 7 | 6 5 ' 4

’ \




1 ] b 1 ades ) 1 | ! .
- -.......mu.."-‘u'f;-_m REVISIONS
=—~-'--——~-mwm- Mhtl ' DESCRIPTION DATE Im‘\x
B Ussind Stes GIvernsant. M SMEinag oy ROt
- e @ W duphcowd & St @

’ .52
Ax3 48
2 PL BOSS, PORT -2
1.52
1.48 . ::Z;D'A
BOSS, PORT -3
0. S00425-1,-2 ., -
SnreRor Ry s | e = sacessen wamorsETVRRe SomOMT
A e DETAILS, ANNULUS
/{- 1)-115/8404 I
/, & é,: 04: / ;"":‘j{?.n ."
CicIED ne-‘ NEXT > oo -/ o '”.‘ (2] ' 7021°| 500425
APPLICATION SCALE PULL | fsneer | oF
} 4 | 3 l 2 3-35/3-36
DGR ST - . ——




+ lowc NO Soo-e .

This drawing conteins designs, and other information which are the property ot THE GARRETT CORPORATION. Except for rights expressly granted by contracts to the United States
this drawing may not, in whols or in part, be duplicated or disclosed or used for manufacture of the part disciosed herein, without the prior written permission of THE CARRETT CO!

697 22
T [ T ™20

N

——F Jeos
N

.02 R MAX '

" SLEEVE -\ L 0 bia

53 | | ™ ™2

51 O
J | ] | | |
. ' .

WASHER -2 =

PART NO SOS )426 -} $- .
I UNLESS OTHERWISE SPECIFIED: | MATEmAL CONTR

BURR CONTROL PERSCES3 cc8 | N\EMA, GRADE

=Y

50 OiA —~

STD INTERPRETATIONS PER P185
IDENTIFICATION MARKING PER G l ‘ PREPAF
MC16 CHK
10O DIA BAR [aoe
MATLl

7:25004 -1[51 ~{[HeAT TREATMENT STRESS
42 -l w%_‘ 5184‘04" / Dg’s’lpﬁ

REQD | NEXT ASSY | USED ON [F'™'s" Process QJEC
APPLICATION COVER




(]7 IDWG NO 5004 Zé’ ISHZI

1ts expressly granted by contracts to the United States Government, REVISIONS
‘ t the prior written permission of THE GARRETT CORPORATION. REV DESCRIPTION DATE APPROVED R
‘ Al SEE _FoO 220109 [ Honsee| K
|
o
90
ag DA NOTE 5
-G /N SEALING CCAT PER RSI3 ALl OVER
APPLY 117-011-9001 USING 117-016 - 9001,
ADD ONE DRFOP OF 3M FC 430 WETTING
AGENT TO FACH 100 GRAMS., “_
| AFTER DIPPING .CO! MAX BUILD LP, IF TOO
; MUCH BLIILD P CONSULT [NG/NFFP/I\IG
A
_L.ZMAYE AIAL CONTR NO
, |NEMA GRADE | s s s o caroens
G ' ‘ Z:iPARED"avNAKAMUQA 6“00“ \:/ N TOARANCE, CALIFORMIA
Vo0 D1A BAR frar—arese _
e e L 010z | INSULATOR,, TERMINAL
:T / ‘0'55)'9'1,59"5;“‘("50 C -J-vﬁm._.__- SIZE | CODEIDENTNO ] OWG NG
_ FINSH PROCESS E%%;L:E::G;Niin Kox 2 QI"‘ - B 70 2 l O 500426
5 o SAE 2T ] [s5eer 1 oF |
L |
3-37/3-38 i
ST T T e R e - . o o e A et s s » - - il §




Y [F<300d2

this drewing may not, in whole or in part, be duplicated or disclosed or used for manufacture of the part disclosed hersin, without the prior weitten permission of THE GARRETT CORPOF

o\ 04 MAX-——TJ

IO-_Z4UNC\

> .375-16UNC
2 PL

DO NOT CHAMF:

.895
855 -

raario 500427 - |
INCOMPLETED THREAD UNLESS OTHERWISE SPECIFIED: MATERIAL

STD INTERPRETATIONS PER PI8S .
625 HEX RAR IDENYIFICATION MARKING PER PREPARED &
MC18 CHK e
VALUE ENGR
MATL

CONTR NO

ZIRCONIUM COPPER
CDA"SO (HARD) o HW)M/ STRESS

NOTES:UNLESS OTHERWISE [33t11500430-1518404-1]
REQD | NEXT ASSY | USED ON [F'"" Frocess '\ ECT ENC
sm‘ :lE'D APPLICATION / covenuuen

FORM 1196 B *‘

This drawing contains designs, and other information which are ihe property of THE GARRETT CORPORATION. Except for rights exprassly granted by contracts to the United States Gow .




copt for rights expressly granted by contracts to the United States Government, REVISIONS
rein, without the prior written permission of THE GARRETT CORPORATION. REV DESCRIPTION DATE APPROVED

A |5€F £.O0 | 20009 Wl B

625 HEX
.02 R MAX STK
TYP

7 | | e

1=

*ECIFIED: MATERIAL .
: AIRESEARCH MANUFACTURING COMPANY OF CALIFCRNIA
tes3 e B m A DIVISION OF THE GARAETT CORPORATION

fI:lEGR 'PEl:S 2 w-mgj‘ M . TORRANCE, CALIFORNIA

TERMINAL, ELECT.

A
[ 8128 | CCOX: IENT NO

B [ 70210 | 500427

SCAEFULL. ] [SHeEr ) oF |

| 3-39/3-40 (;l

HEAS TREATMENT
———
lw-‘ /

FINISH PROC
USED ON ocex




D
3.04
3.00
S S\
f 1 ) ;
. i i 50
1378 Le o
}%‘.%3, DIA  137501A | S5 |
c i
9.881
9.876 0~
2%-—— a—
- )
. —
O R MAX — , !
TYP :;73—-— {-l———
La__, -
Lt '
372
— = 308
A
A\ ALALY 60GI-To PLATE
QQ-A-250/1' COND TeS! CR
AL-ALY L6l -To BAR
QG-A- 225/8 COND TSI
NCTES: LNLESD OTHERWISE SPECIFIED

s | 7 [ 6 l 5 } 4

.-




oo s i e o oo o= o AP PP TRTE RING, ORDER e Zew 1R
wed ‘m spaferuse of Ba pert Suee - ——
eyt B W GRER FPEaeer o ™E GAMRETY

COBPORAT ION

~v sTatuL 1 i

Lol B

-

ww
8%

|
>

"
{ .
o 1 i 7835
o | 1.825

9.881

9.876°"™

- < e

N 15,77
15.73

P

mrr vo SO0428 -0

UNCEES OTHERWISE SPECIF D CONTRACT w0 %
BURA CONTAOL MA M) & » N
STO INTEASRETATIONS PER P08 . 8 @:viSiON BF Tai  ARSETT CORPORATION
ATION (1] . M . TOvmance Ca 1rORNIA
were A
pws -
PLATE, FLANGED,

TERMINAL
Ve T V,JYQMN TS

[T — o|7ozml 500423

ECIFIED ead ey Lus P el Rt T
} 4 I 3 [ 2 [ 1

- A 3-41/3-42

L3 C e e g o b et e e I
- - — ;
. . - ;
/ - :
S N
- [
w—— v gaey r w




D
\
|
‘1
13 R MAX 2%°
| TYP \ 8
| SN
C
gi’ ] ey
- | _ ]
-
Q.88
2.87c 0"
l___‘_,L —
NS
8 19 =0 2 1
17 % 30" — +
CHAM .
©
.62-—-& )
— -—-"
212 |
. 2.10
— _3.20
7 - - -3 GA
A
A\ ALALY &06I-Te PLATE
QQ-A-250/1t COND TGSl OR
AL-ALY 606I-Te BAR
QQ-A-225/8 COND T6S!
NOTES: UNLESS OTHERWISE SPECIFIED
8 I 7 l 6 1 5 }
e - S T I LTI - e T — g e
. — R ' e eine. N Y




D P — P
T ,‘A. LE FNGINEF RING_ORDER ,_,u{f‘ - R

IRIN-TN

- 520 | | —

mat w0 5004291

UBILESS 2THE AWYSL SPECH IO, Coa -
mmcw::;:;- ”a :’ ] A S1viBite 7 ThE SANSETY COSPONATION
o.mcuvmnwuun x| i - /i TORRANCE. CaLI#ORINA A

: A = 1 SUPPORT, HOUSING

H| T e — - - / i - ,"7»:ij=
. - e R = p[70210, 500429
3 SPECIFIED : A:"LAl?AYION / SAE /2 T ]sn:sv 1 oF |

b 4 | 3 l 2

3-43/3-44

——— —— ~ . - .
’ »
. s g )
ceset ot
- P - - - R o
- ’
S o A s St - o o - e, a— - & tlnde - CC R SRR« S N M—w\«"‘.




H r——
IS
G
] MS2439:-26
(9 PEGO;
50043/ </
(7 REID)
'F / :
] /
{ -
H /
o g ;
et "_A‘Y
3
o
[} L /} SOOI TS
20
/0
. ——.&‘-—-
500409 -i
IREQD)
c
e -
o~ .
28.59
2a .57
]
] poessURE rnr -m- AN AT SoPs1é. €A
Qus ar S OF HOUSING TO B Wy
NG DIAS Sl I 056 ORING ON ll’gz’
TYCAT PGS oo TS e POmAL
& AP £I03 W A FIAT PLATE AND GAL
- UMD SEENOIT 34 E
- nu( At ms USING STANOARD MS$ |
A FLUORESCENT PINETRANT INSPECT PER
METHOD 8
- T { WELD PER AIRESEARCH SPEC WBS18
(LML SO L NS S TS U S S
3 I e
[ 7 i 6 | 5 t 4
\
PN -..-...._-....“——_...&. s - i i e e -~ - E - cive
- R
- o o . e - - e .
. —
o - b e e~ Ll S e di i i n o Lt ST R T Tt TR P R SRS M A‘;w;‘»:"r- e e - - -




W

- N

B AN E L IR
Y RSO

AP WiTn QRING
Tys 80T ENUY

r_T_ CLAMPING SLIRFACES

CAP WiTH FLAT SASKET
Trr 8O L O

CIAMPING SURIACES

Thvitost
W

Syt
\rl‘
/
}[,.*ﬁ =

| 3004101
: /(/ RTR0)
;

S UN W e
9745
743&
98/
9.77
o4q
/af ‘ ‘
T
\ 70
5
\ — A
\
\
\— 5004091
SREGD)

PRESSURE TEST OPW AN AT S0PS/6, CHECK Ww LUAC-TeR ot @ SO IELFO -

T g ST a5 R o TARGE 0 L T3 et )

N SMALL END) PUNOUT t3 OPTIONAL BUT CLEANLP WMUST BE 008 O —

. SABINDS Wil 4 rur rur! o opsx] 7 oﬁ nu(.s Wi
Y OF VMO Ofran

nur. m PORTS USING srnmm M3 MUGS 45 .manm -

FLUDRESCENT PENETRANT INSPECT PER MiL-1-6860.1TYPF 1,

METHOD 8 é

1 WD PIR MRLSEARCH 3PEC WBSIS8 mw 00
APPLICA L_CDAID. TS
5 ] 4 | 3




SECTION A\_ A

R I 2ans_ |
V/ 24 23 T
Y B
i v
b o B 1A P <
. a2 8.2 .-i ! _\
500 "I 30 ‘ 0=
o)) |
i (T 1
R Ve ° :
! ! 0 [ X 3
l 0 S
| 0] ;
| [ - '
! 0 ]l ! ; ;
o SR e B S R
1 l 1 '
9.875 0 ¢ / ;
9.870 g Lo sy~
BOTH ENOS | 0 T !
i | At i
I YN
| B S, |
- / !! I
e 2 / A
2 PL
. A / 32.44
- 4 }/ , 3240
/
Lz mao

5 }

e i
; . 1
f
SRIEEIPTE - ‘a
S "y
.
1




S o

P W\ EV]] 1 1 v .

REVISIONS

=300 DLSCHIPTION DATE | APPROVD |

et f mensiscten o gt Sutioend hemen,
s e grar wwen gmmmmen o THE GARNETY
CORPORATION.

T ”
oy status
wagr i

&z

28 1 35 CHAM

+R

3L

& BIISION OF THE GARALTT CORPORATION
TORSANCE, CALIPBEMA

TUBE,, HOUSING

APPLICATION

u
]
0
- I J
rant 0. SO0AD |- |
[ UNLER OTHEmWISE SYCH D, ConTRATT w8
BURA CONTAL PER SCB83 « ¢
STO NTERPRETATIONS PRA P8 hurrorwyv—, :
IDENTIICATION MARK NG PR
2] 7. A2N7) 221
AL-ALY TUBING s
10.00 O K .375 WALL ke
06! TSI e
TSR —
,/ g VISOR %
JET T
X / [aav INT Ao

ks o D l 702161 50043

[scace 172 ] Jsneer | o |

2 3-47/3-48 ;7 1




s | 7 | 6 | 3 § s |
]
-
G
14
63 .
THO FOR 250-28UF - 38 o™ r‘,‘”
‘T % 2 Oia LENGTH MAY DI DIPFH 7S a8
HELICAL CON. INSERT PER MS3ASEY 26
— INSTALL FER MB335YT - RBAVE TANG 28 N
12 P ::: 5;{
[@]e].0w P ) l RSy 13
x ” 7010 .
020" a0 ots - 2A.
‘ N . -
| ] | 11
| TMD FOR 250 - 2BUNF-38 ae®
‘ 21 SOIALENGTH, MAR DRILL DEPTM 18 AQ®
HELCAL ;ill INSERT PER VS 33637 M3124796
NSTALL A M3 33537 A TANG {3 REGO)
IMACES A SMOWN r
cae 3% ;,’ OIA, IPLACES SLEND '
s '
1 2432 9732
09 DA 8.430 O~ 9,790 O
10.38 = [ATA].003]
o :
; %
! . a14s &
n | HERER ajaion| g
i ) e 0 ATALSG3)
I - 3 08
 E=d) - | |2
‘ 06 030 R
¢ 1 AR AR ,
! m
(0.e2% 3] \Z HOLES -t [y
Ee2=g] [o[af0a ] "
] . 29 06 L [X.]]
ey - apL T 1asoN -1 *»
24 P ‘,1 48
Py w :ass
1<
s 24 PL
A\ qygoizE pon waa sezs, DT H Ciass 2
L2 r X 3 - ]
I O | 5 t 4 |

A A 17 TS i IS gy gt s “E VL i A W gt w8 st e e

S e A i, SRS ] S g, i o, Y1 e SN g o gk - Ve

.
i

f
[




. | - 1 3
I3
L
G
[
3
A ™ }‘"
! LYY
'3 a8
w7 Za | -
: TANG 24
Zas pac
f RS, 13
b 4 020, 010 BRI
r.\ ols 2o
. a1t 1 ]
S =
Ay
¥ =
! SLEND
] —
2432 9752
8430 Oa 9.130»
=S (Z[A]553]
:
! Y
3
a.14s .
a1a32n -
Sl e [A1a].003 ]
a9
(<
LY
0% 1O ]
o0a T a9 b ]|
APL - [ e
L2265
1238
p
]
et . 500432~/ =
A awooize pen MU A 0829 TYIED CIASS E —— A oy T S—
ey BT i spe | [roat0] 500432
APPLIGA. O 7T — '

1} 4 | 3 | 2 .
2 3-49/3-50
. AA B v' V j . ) - ) S m




[\ SEALING COAT PER RSI3 IN AREA INDICATED,APPLY 117-O1l - 9001
US'NG 117-016.- 9001, ADD ONE DROP OF 3M FC430 WETTING
AGENT TO EnCH 100 GRAMS, APPLY 00! THICK MAX.

IF TO MUCH BUILD UP COMSULT ENGINEERING.

NOTES: UNLESS OTHERWISE SPECIFIFD
8 l 7 l 6 | 5 } 4

1o e’ G e N el Wad

A ey S Aan e L E S g g, RAn s g

arA W o Mg w e wL




R i

' 06

DIA

.021

{-.Olg
}

I//
i
o i~y
. 198
S 28
P 1
|
* 8.068
- 8.060b
B —d
s
~—N" 06 R Max
212
208 ™

CATED,APPLY 117 -01! - .700/

oF 3M FC430 WETTING

Y01 THICK MAX.
IGINEERING.

Th Mg COMLIME SULANE and SiRer riormatem REVISIONS
whnch e e propecty of TwE GARAETT
Excont tor w conract te | ZONEJUIR TESCHIPTION Tate | arreoved | (K

et v S004 233

ComTRACT %0

UNLESS OTHEAWISE SPECIFIED. s

SURR CONTAOL PEA $C483 (C & [~ ~

£TO WTEAALTATIONS PR P | YT T RO A A sanmary

rNTIFiCATION TTNAKAMURA B N~ /],
< e Srrei?

AIRCETARCH MANUFACTURING CONPANY
& O/VISION OF THE GARBEYTT CONFORATION
TORWANCE. CALIFORNIA

mv:n u

NEMA GRADE Gl

G

VaLvs EnGH

COy

L]

EN300400 518304-1}

REQD NEXTASYI USED OV
APPLICATION

g o

SUPPORT, BORE SEAL

ol?c'»'Z'iBl 500433

SCALE UL LT Tsweer | oF |
} 4 | 2 1
3-51/3-52 .L

T AL




160 12,
o2 DA THRY _ -———— f.gé ————
SPL [¢].04 F] . ‘
l 1 ' .
4L &) S A | ooz ?
' v , -5 STK '
e ’
; I | a3 1
'l A{, { e *%”—J _____‘ { — f-—— 9 EQ
I . \ . ! '
| | .25 :
c .
" el
S - v Py £~ _
187 Lo 47114
183 "1™ a6 o0 -
2P ' {,45 2
B 4 K e =7 T e T T T—e T
H - [—=- A = a T TT LA T T
/ - j r A .. L4 o ) {:— T P & - il L1 ‘i b !
- 017 R MaX s1.088 , .
2 PL ¥/ /| ose /
2P e - sEasPar SE—
/.
— 1G4 - 3ZUNC 2B THRY
20 HOLES 1)
[@a[01a 8]
_[GRADE T010-1020 STEEL \
S00434-5 5 a-5-635
5004344
Alscoana-3 ,
— |GRADE 1010-1025 STEEL
500434-2 | 55-5.635
L TALALY 60GI-TG BSR
500434-1| 3 3-A-225/8 COND TS|
PART NO. MATERIAL
8 I 7 | 6 5 } 4




l

I
|
!
!
l

REVISIONS

!?
i
2
|
i
i

LR

!
i
|
3
!

DESCRITION

N

i
|
l
;

|
|

o

i
;
|
|

SEE E O- I w

"

|

1z
i

]
g

5

1] l

P—*h«'

4 -

- -

3%
o

’ 2.0 HOLES

- o ’L

———————- 9 EQ SP AT 5.083

g

@ ———
Q [

@
& —

4T
ER

a1 ’
-4)
) “""f ::g DA THRL
5 HOLES
GE0Ae) _ eq
GEF -
W N :
! P - R,2 PL (BLEND)
e e e e e e e __vA__.——’j v-..- 87
N 183
- a h 24
.22

R

-
!

B S S VL i
I R s c T 1*~J

99

et 80. SEE MATERIAL LIST

- 12 STK

UBILESS OTHE vl WECIFIED:

BURA CONTROL PEA SC82

STO INTINFRETATIONS PER PES
L L]

A BiVEION GF Yk FARSLTY CORPORATION
THRBANCE. EALIwOWA

| 3L

LI
CONTRALY nO
:

FORM,

WINDING ADJY

: ulmzm! 500434

RE NEXT ASSY D . —
TAPPLICATION — Save FOLL] “Teneer § oF 1
) 4 ] 3 | 2 1
3-53/3-54 2 i
L L A o TR - ' .
- . - ST . » ~_~M::__~ L. Ll o




! s | 7 | 6 | 5 } 4 1
i
’H
|
i NOT SHOWS:
! / IR CLARITY
G i
. / - THD FOR .190-26.°C - 38
i o6 _, X oD MIN THD DEF:
>4 / &7 MAX TAP DRI L TTH
; 3P IL\\\ y apL ON [T 98] ac
] o ya @xlo42 4]
i .
| . "%
’ 83° .45 / '
, o 82 x oa 1.5%
| it a3 '/ - \eas - <
i i 140 ’
f "'! o8
! 4 SECTION l)' I) BI0 .
i a -890 !
H TYe i/ 258 |
I i f~—2% 243 T 020
27 P/ . : .
— / O iy /‘ os®
.04 i
ael || L1/ 0c 8
§ — 123 e
L7 .03 :
A
BUEND - i -
OTIR MY N\ - - o
¢ N v
| . OSD‘A : :
7T ? |
: ! | 4 —_— ; i
| ; ! - 176 oA
¥ O '} 1770 DA
™ 6 szls i o y ' i i
- 4 1% i H :
633 DA :330“‘ pered- LN ;
AJ000% = I
Ok AFTER | DIMINSION
PLATING : - p‘:;/,; ; .
i (4
0 ;6508'I°m!~4?'—4— - | o l
PR A =09
! e ;-.-»—'255 .07 i
245
| i
N
- O R —~! d—
MAX e 06, S0
T‘ - j /_}—.05‘,40 +
06 ~+7, i : l
owrusian, aArrMM 03 4 { ,:\, —
c ’ ;:! 8429
25 oa / \ - 3‘,].2 84210
2e5,ax29) ceep < @“-@'\ [r ' .._'-‘.gz.l i
2 5 : !
! 125 -2INPT NOT SHOWN 2.\e DMENSION AFT
e PER NBS HDBK H2Z8 00, FOR CLARITY ~— THD FOR .250-28UNC-38 = zia -
,,,,, SEE DETAIL 2 2DIA LENGTH _
BT MaX TAP DRIL. DEPTH - _
WELCAL COIL INSERT PER M533537
iNSTALL P‘{R MS533537 REMOYVE TANG
9 +IACES
g Is2a crfscrcaewcmormesk [ o 3 B[22z
207P-2 |CLUUPLING (PARKER) H t
21822 CLOSE NIPPLE (PARKER) -] |
MALE CCNRECTOR
2FBTXB | samuer) 3
T [572-5239007|FLUG, SEALING 2 )
Al ALY (FATE] 7075 -T 1351
500433 -1 aa-n-(zw//z com) T1351 ! '
PART NO | MATERIAL /DESCRIPTION | M 80{QTY
L\ Mooz Pa oA p025 TV T CLASS 2,
A 2 5 = i . = . '{ﬁsz:g“fxz:[:(: u:-:?a:‘z:s;:f’t 1 CIAS
-.. INDICATED BY B, THICXNESS OF 008 -.005 PIR &
N RACS WLENS OIS PRCINED
VR
: ] 7 | 6 | 5 - ] 4 |




-

5 { 4 L 3 ! 2
S Y] P pem—

T c il
L ILME TN

el ENL D) -2
L ey ey
AT A o

.37

aNG

£

i
EES N AITER PLATAN

o 'i £re V’A A ANCE TYRFIT CLHSS 2,
£ FED5TD 295 M) 270a0)

ar. W/'f IR Mit A 8625 TYPI M ;A8

NITIS L £33 OTHERMSE SPECINED

CATED LY WOTHICKRESS OF M- LS TR il LI/V> 4‘”1

FOR JLARITY

NOT SHOWN

250 -
233 oA THARY -

SNE wWALL |
- 2817

REAM oa2 DA i
.265

* D) oEER

o
T

st SEE PARTS LIST

4

LIV e T AT e .- C e e

e
2 w2 SUPPORT ASSY,
L BEARING A
; £ 70210[ 500435
CT } CIINCN
|

/
3-56/3-56 J

. '.-ﬁ.'.!

C e mre mn e e e

SR eI e 7 Yy | 4T A B s =




DASH NO

A

-2

42 3
'1g DA X S DEEP

.c\2
.204

CSK 29 DIA X =YL

4

DIA THRU

215
.20%

8%

This @ramng cortarsy des Int ord other nlwesh
oMl are the grogety 6f THE Gf iRfTT CORP RATK
Kscont For rgoty engressiy g0 tod by totact
e Unind SLss Coverr monl, 1y S deng =oy A
" eeie o pat, B0 dupiicated o $laend
ved fr mamdactwn of the Lot diiowd hwe
Sihont the prier wntton prrmesuen of Thi GANPS
CORPORAT 10N

part vo. SEE, TABULATH

UNLESS OTHERWISE SPECIFIED.
BURR CONTROR PER $C653 CC 25
STO INTERPRETATIONS PER P18S by Ty
IDENTIFICATION MARKING PER
MCYS

e
Fariniac Jouew

NEMA GRADE Gl facrimer

EPORY GLASDS b

2f-2)

1518404

10¢!

S00400- 1518404 -| {5

REQD

NEXT ASSY YSED AN

A*PLICATION

44 v

. 1. \

. =
) pr———
/ GOVE Y wEnT

e




Tt drawng contars des gns ond ofher snfweston REVISI ONS

whih or¢ 1D propesty of THE GO {RETT CORPORATION -

Encopt for ngMs exwessly o ded by contract to | JONE ItYR DESCRIPTION " DATE APPROYED K
the Undad States Goverr ment, the demmng may not,

n whole & in part, be duphcated or diiciosed or
ved lw morufacture of the port Giciowd hevern,
wihout the pruw wntien permisvion of ThE GARRETY
CORPORATION,

_.a85
465

a4

oasa

O
g

RESEARCH

REDUCED SI12E
part vo. SEE. TABULATION
UNLESS OTHERWISE SPECIFIED: CONTAACT O ‘——"' AIRTSEARCH NANUFACTS
it I S iy o
JOENTIFICATION MARKING PER N M H1L -, TCmmANCE. CaLIFOANIA
MC1§ AT /2 dd4

[NEViA GRACE G| e INSULATOR,
CATAINATED NEUTRAL RING

— JLAMINATED —
%HO:D - / ' : scarz 271 ] 6043

M3 TROCESS |
i :l / = #
JsHeer | - of |

i 07_/ 3-57/3-58 -

» . S e e e L e r—— e
. ’ - . P B hd




CENTER PUNCH
.030 MAX DEPTH
COON 1275 DIA

1—[\\.3‘75 D\A] ,
) - B ,‘ ”'/*:‘ TR T ‘;

M 5D°
(3.250 2] 03" M

GROUP 2

THD FOR .190-24UNC-28

X 1.5 DIA LENGTH

HELICAL COIL INSERT PER MS33SY
INS';A\.L. PER MS33537- REMOVE
S5PL

[@]a].014 7]

MS21209-Ci- IS | INSERT SCR THD 2 sS

1375 0D x 11.371.0.
S00439~1 | AL-ALY PLATE 006!1-To I |
QG-A-250/11 COND T6S!

FART NO | MATERIAL/DESCRIFPTION [ITEM NO | (TY

|
P A4

u




3 4 | 3 ==s00439 15171 | 1

.—-mmn.'--.- \mbermptian REVISIONS
o

Tome [LTR DL NP TION DATL | AWPOR

-d |e 32 ‘:-;.”»o: --.-.:-;-:‘;;-M"'
STK v
R o Aty srarue [ .
o3t M v [ 1]

13 FL EBACH GROUF

L
\

o 12,812 DIA
N

(\, 17°

|S° 3P

13.76

i394 OA&

-2aUNC-28 e
$TH

USERT PER M333537

MS33STT- REMOVE TANG

ot w0, 500439 -

am— ——
UM 33 OTHERWISE 999CIP 1D CONTAACY mO.
A CONY! -
mmno::::mnu:ﬁ" . A BIv/18/0% DF THE SARSETT COBSORAT DN
u-m-unu MARRING PER [[o11Y A~ . TOReAnCE. CaLirOmna
= Traly A7
048w

SEE TABULATION |5 RING, NEUTRAL

i

TR T T T D | 702101 200439
* 4 Anucnl'on 3 scu:m[ ]su:n | or |}
| 7 3-59/3-60
T L. o T I T e e e e

———
-




wnDwegS £ TwRy 1Y

o EFm . 44 $
’ ¥
|

LI"3 WIRING DrAGRAM
WIRE (OME(TIONS SuOwn A%

1
) .
L ¢
OASN L nES wii O SUsALIED < K3 n
[} TATI I " I bt R +

RO B DA & &S
/ lal.

- P \ ) e g

. ™ AW PP T B3 Y S M T b A O, '




b Ty

LIE

.ol

" i n L " ! L | : -

AN A TV NS avpins P PV

vars:
assse D

R0
29 o

[[Trevasx 751 ]




[
— ‘-/'.‘HA'V

LUUCTRNCAL TOBWINAL S
B L8 vt -2 IN DS

IR TR e ST AL . S o TR TS

- eyt a g g agaer” ¢ D el

Secron AN

- S HIEs) GESEZATIT, Tt L ADD

. -

Vi A v B PenD - CowTad ), MR.OR
L PPy SO S VI B Il T)  ANE-O/

STt APC A PICRO SO CowTadY), AR
. L PP S L OB PPl Bl (ot V) , Al

T Peag s AL Y WSV P, I LZOO
AP Fiarte SGA oS B Pe9P-rE , PC 200
CE rChe BTIOS
e X X YTy 228 &P /J".'“ Idﬁ‘/-‘""'
B S PR i S R I T VY VY S L
ARV e P FTIOO BN £ 14000

P COOPAIIEy
| »merwer| Lovoa | soovemeo

et e ¢ 100 o» P PW Y 2 T LS
D it dongent - 20 | uos0*” L pind

S ra v vrat | womew - &r0*” -sfoc,

cared v wqoey P P el R s od

O AT AW L » ord o SLed Ll A land

Y d ot |Soocory | 04540 /N0l

A AN DA oSG & =

AT CasPOC oV vr oDt AP o8 SO MINY

HOPTD e VOGS PP POE o reil TV s

AT IVE Bkl PTG PP TP

HCCTUT AT P oS & v 18 Iow &l o & CEIIC

ACEL T CATVP oS NN TIL Pl I8 O sl

G PCAs 07 DS AP VLG PP PP s ol

POrte W4V TRNSes *PX Vel

Fed P Bl BAIGa 82D o P n SAPTD

AV PG L ST s s PO Ol PEIOO N oD

ORGP, TS +9. 00 L

SATAE BUCT Pl SP Vi Bt asd @ FOP s 4P N -
WA SRS ST PR -3

I [y I S ¥ 4 ]

e £ @ s e e e 'y et A A DA SR ‘

’
. X, -

. H -

t
P14




L TRILLLR )

secriond\e\

B PenO - (owTa ™), MQ-OR
8 PP DB vadlT) , ANL-O/L
P PP 8O (wradT), AR
W PIClD T ot V) , MR
P PPNl , JSC 20O

o£¢ 400

IR LA LYY I

2 v B s and
SR L0 4 Bl 4 ol

.'.o‘--4 -~ 9 b)) ade DI )

OO @20 & 1LOD0D N9

Vet t Lovvk | covvems

fUECTRC AL PERIWINAL S
BED L0 A2 IO

e ASE MUNTIF R ATION

€ 100 4e - Pk SV (ML -L-296 9
L Yy g Pl Sl

emew | L .p0m Y L

C st Yopproral | Lo 01 ol

o mre8 rw o148 o P AN

VMt (SodCIrY | LSOy AE

-
et AP 1 COP LY

* PP PC ol W asa

P iaD @ G -’.Ilw--l?(ﬁ"

TE B O P o p SEITC (TEPO Sl rem?)
oD Pk Bosd® SO S o ol

PO VLG OP, PP nroal

e PR PP nsoa

Tt 00t 4
A

L)

| PaPT SR | ASSLMBLY MumC® |

L 5/8402-1-1 | s/0009-/ 1 I

e :

s evunm o .-
—

gl
T pamgnl 'EL_' >y

sl .SV

P TR Pl P8 1w s - ol

[ XLt

PP Pt 9 PP rs 4P

WA SRS SR P P- N

ar0c-aataa

| b 3 ,'”','ol S/ LIOL
s A

3

- fd

..

X

&

A

Lt e




‘:117 N |()W(j N()ZO4()

This drawing containg designs, and otiver information which are the property of THE GARRETT CORPORATION. Except for rights uprmly_gnnud‘ by contracts to the United State
this drawing may nat, in whole or in part, be duplicated or distlosed or used for manutacture of the part disclosed hersin, without the pri .- wnitzten permission of THE RARRETT C(

= | f
—

PART NO 2'04555:{'/

UNLESS OTHERWISE SPECIFIED: | MATER'At CONTR

BURR CONTROL PER SC653 &

STD INTERPRETATIONS PER PI85 oy

IDENTIFICATION MARKING PER i A

MC18 LeveE S cHES
VALUVE
MATL

“LMATL S 50 DA BAR bzl 7 T
_-:. ASTM A 582 TYPE 303 REQ;// NEXT g USEDIO‘Z& FINISH PROCESS i;nOJE:‘
KIDOTE S APPLICATION eover

FORM 1108 (177} 13

/ [

R WP VURI VLTSN S S SR S VS Rl AN




V [7272833 1

Except for rights

expressly granted by contracts to the Un‘ted States Government, REVISIONS
herein, without the prior written permission of THE GABRETT CORPGRATION. REV DESCRIPTION DATE APPROVED
=47

.32

EBS55-/

- ECIFIED: MATERIAL CUNTR NO
853 62-5 — AIRESEARCN MANUFACTURING COMPANY OF CALIFORNIA
i PER PIB5S A A DIVISION OF THE GAARETT CORPORATION
ING PER = , -/ J~ -~ TORRANCE, CALIFONNIA
oz /S CH =3
VALUE ENGR M 6/ 7
MATL é‘/é
MEAT TREATMENT STRESS JA 414 A/Cé—
W ‘ Fﬁrmnwso% ZZ 13 CODE IDENT NO
ISED ON [Few Process QECT ENGINEER B 70 2 10 Zﬂ4é ;9 {
COVERNMENT APVD
SCALE /-7 | JSHEET , OF /

a8 Ll R - o> - -

T

2

3-63/3-64

et g T s




i
t
1§
!’ e
FFr
D0
4
]
7~ |a] . .co0s
| < | —
-
S A St SAS B TS
HsLO FE S )
6 l 5 }
. o anm it & . T . }
SE——




~oresri T3]

232

‘oz

REVISIONS

70mE [LIR SR TON

CL

. genmeh ¥ THE GARRE TV
CORPORATION.

oy $TaTUg B n
e EENEE

DI s T L SIS -8

W ol

-

“—
i

- Y _ i )

' s
| o, S
, - ;/;
)

|

Z |~ coos N[<=].oc0z2]
Es ——l . . 5%

W ZoRe s TS/

& Bl OF Tl SABNETY DERTURLT -GN
heamee LN, )

P aa vl Sl

4 143

RP- T - 43O —
S o &

SrmrAces

-

20 lrodeld 70

APPLICATION

D|70210| ZoAEST 4

I 2P

T s Y s ] e A e

2 I
3-65/3-66

[oaer ¢
1
&/‘

— i A

ot




" o O NPT

AT AL, ATRTEZTr AL

- 099

—+

.428
.426

012
oo1

ATy
g,
QOETAIL '3 /0 >'<0,8

/68 SLOTS
& 2].0or 014

A.aar T A APRG AL ué
r  EE Lkl T U & S\ S LD
-; | AN T

INERT GAS ONLY, Ao B'?C’ ANNE AL .
| &F. CAAAT Al DT i A S SHLl

This Guatey conteirs dosige ond ¢
Shach e B pepary of NHE GARRLY!
boyriefontond g
Forearr | e D)
SorGCETS - Z| SYNTHE 1€ FIBER PAPER (N0M£X) -.-n-m:---u--
Wil -]~ 29204 TYPE /| 020 THCK
xexi

AT AL ETIC S, MITLED, T, LB P e

A ANNEAL RLETER PUNCHING FPER HI 59, 7Y PE I.

. P AT ey AN . OO M DEE S

L. T OOD . PE L ALk

AiACICHE S SAFELE aldF EXCEELD ®

APPLICATION

PART NO 7‘4’4/‘4




AT

Thit Groitng sesteimt Gougra 8nd other induration REYISIONS
Which e Bhe preperty of THE GARRETT CONPORATION,
wprenly gived by corwect 0% ILTR L LPTOM i ) R\

!
1

e FPTs EJ T

-

¥ s 0l
I,yw_

Yo re >
PART NO T ) s 1 TS
/ g T e , _ /?: MBTILAZN IMIGHSIVIITE € TRV OF €245 L5A
- - mmmAm"ﬂm " ” ., & = . ‘ . mx-rmnm
L DN R D T S OARS .
(Tt o Ve VA
m‘ . ;" TR ;&
e e e e
; s é}, e C 70210 2046875
N APPLICATION L ToALE nr o) T R e
: : . - 3-67/3-68
e e o 1o . S OTF '




8 degunng coma™ des BNt ane
WACR arg the progerty of THE GARR
€ascopt for rpay sapressiy grenm

9.5156 ~ 4
9.5144 “«

- "l . \ used for meniactre of he port
00/ mv‘nlo:qmm

5. ANY EXCESS ADHESIVE AFTER BONDIANIG MUST BE
REMOVED FROM 0D, 1D ¢ 5LOT5 BEFORE CURING.

| )

8. FOR SLOT ALIGNMENT A MIN. DF 3 DRILL RODS OR
CENTERLESS GROUND RODS MUST BE USED, | #1A].005 |
APPROX. 120° APART.
A oo £ LeR I8 L1, AR 2K |
OF DRY FILM LUBE TO ID.~ | rarvo SEE SEF
. . UNLESS OTHERWISE SPECIFIED:
FINQ NQ_5¢6 TO HAVE 24.00 LB\OF ACTUAL STEEL SURR CONTROL PER 13 ' 2 29
@ WEIGHT TO INSURE SUFFICIENT. IFON CONTENT BEFCEE A19cHm 146, IOENTIPICATION IANKING PR
MmC18 r
L APPLY INSULATING COAT OF FIND 2 = —
.0003-.0005 THICK TOFIND |, € THROUGHLY , /
CURE . APPLY BONDING OF FIND 2. —
TO FIND | ¢ STACK FIND SE6WITH SLOTS — A
ALIGNED WITHIN .00\, PER R525 < B IBA A erer reperer
| MOTES:UNLESS OTHERWISE speciFiED.  [relsdssleoad




P
7

DiAa

N

TS Gawng contaics Oes gri and other intormation REVISIONS
whch are the of THE GARRLT CORPURATION
Eoront tor e D essy gante by contract to | ONETLTR DESCRIPTION oare_| weoven | [

he Uniad Sistes Government, this  irawing may not,
mﬂh-mmnw-cmamuwa
ued for memvtacture of 1N part diciosd herein,
without the prior wntten parmiason of THE GARRETT
CORPORATION.

NOOOO

4 REGDO

BOND IN PLACE
PER R®25
USING FuD 2
EITHER &8O
(-3) ONLY

[ #]A].005 |

|A].00S)

ot vo. SEE. SEPARATE PARTS LIST

Hir 1A%,

UNLESS OTHERWISE SPECIFIED: COMTRACY N0
SUAR CONTROL PER 3CO83 &

STD INTERPAETATIONS PER P1DS

ARESEAREH MANUFASTURING CONPANY
A DIVISION OF THE SARNCTT CORPORATION

- TORRANCE. CALIFDNA

STACK ASSY

X -\[5 -

STATOR

ANED YN AKAML) |
sg:ﬂncnmmauwna T ”( 77777 g
ATERIAL OES1GN
vaLul AnGA
1)
SENES Ty T S = =7
ISTBAGA-T A T

 gEXTAsSY] USEDON

APPLICATION

PR v v
7,
—l.' |=1‘I~'.'
/ GOVERRMENT APYO

2 roem] 2046960

scaLe FULAL | [sHeeT | OF \
2 3-69/3-70




H/HE
it
HHT
al§§;;
';iiigi
peieit

i
;
i
|

OFF

Lg720m [ TN &

.26
.242m4
. 26
- 27
Y
. OF
2 .05'4:
A
e N s/ PART NO. ZP W T ~ .
UNLESS OTHERWISE SPECIFIRD: |
BULR CONTROL PER SC883 CC 28
STD 'NYERPRETATIONS PER MOS
DENTIFICATION MARKING PER
MCte
TEAAL
TEC DA AL ALY
-1
GOl /- Tem
i PROCESS
[ S OAL D
REGD] NEXT ASSY SE aov!
APPLICATION

— o e et ™ o Lbd A — t




TS @rowing contains ded gny and other mlm::: REVISIONS

whech peogety of THE GARRETT CORPORATION, s
W..':.m oessiy gracted by controct te | ZONE | LTR DESCRIPTON DATE
$u Unitad Siees Governeant, this drsmng Mey not,

")

g
£
_
-
= ¥y
oA g
PART NO. Z&09E T = /
i oo o9 - e T S
STO INTERPRETATIONS PER PIBG - " - TORMANCE. CALIFDRMIA
&I':YIMCAT!ON MAAKING PER T3 2 azg/ 7 :
e o ac i e TLoL ELD AL,
606 /= T e Ji? — BOCE SEAL
S P RG ==
———————l DF$10N AUPIAVIBOR 4 ~G 2 1] CO0E OINT O | owe N0
PR Y P L 33
e |~ Cl70210| Sowro =
ON SCAliﬂeéL |sweer 2 or s
1 <) 3-71/3-72.




i

This drowng contam devgnt and ol
*hCh are the property of THE GARRETT
Erzont tor rgrs anpressly granted
®u Unted States Governewnt, s &
" whele o i part, b dupicared
ued for mendacture of the part &
Whout the prior watien perrwesen of
CORPORATION

.075
(14 GAGE]

.30
r_eo rrp

2 THIS PART WILL BE REMOVED AFTER NEXT ASSY.

R { [

.20
.10

PART NO. 2047043-)

UMLESS OTHERAWIRE SPECIFIED:
SURR CONTROL PER SCOS) CC 5

STD INTERPRETATIONS PER MBS
IDENTIFICATION MARKING PER

s) 2

[l 4ty 606/ 16

QQ-A-250/ll COND T6 )=

FiNiSs PROCESA

13

’/’f’ o+

L O EISH ALL CVER 1) {20468 42041002 | frirrararess =
MOTES: LNLESS OTHERWisE SeecrFep  [reeluexias] u =
o

MC18 <



"8 drowng cen'ains devgnt and other snfrrmatian REV'S'ONS
e the property of THE GARRETT CORPORATION.
for rgnts zamw granted by conuact ts | ZONE {LIR DESCRIPTON DATE APPROVED 0
United Siaes Government, tha drawmng may not,
whait o in port, Be duplicated or giciosed o
r menufacture of the part dciowd hermn,
e prer wntten permession of THE GARRETT
CORPORATION

Fd

}

!’["‘
i

{

9.30 D/A

.075
(14 GAGE)

38 rre |
r 1
f

[Z6a70a3fF I

20!
o .255
= T 245
PART NO. 2047043-)
M e o . A
STD INTEAPRETATIONS PER M98 d % ) M S . TORNAMCE. CALIPONMIA
::c(‘v:rmcnm MARKING PER .
Al AlY 6061-T6 |l SPACER
QQ-A-250/11 COND T6 fes
e ; AL Y -.?[m:m-[m
1 |20 a6870- 12047042~ | ks 8 M
ZT5 | — N c|70210, 2047043
APPLICATION SCALES \/) | [sHeer v oF )
1 g3 3-73/3-74
- - —— - - .- e - 4‘..,._.,__—’ - _.-_MM.._,.. . -




PART NO A\
2047176-1]21.80- 22 .05
OANT6-2140.00 - 41 OO0

A TIT

DY TSIV x ,Z5 ALl 2087 TG
T EADERTS B0 GO6 S LT
| AP TS :

OB =

7

This drawing contans designs and other
which are the progerty 5t THE GARRETT COt
Excopt for rgnts wpressly ganted by
the United States Government, this dramnt
in whols o in part, be duplicated or ¢
used for menefacture of the part dich
without the pror written parwesion of TH
CORPORATION.

Tty —

8 ; R
.78 ‘

X

R

IS SN B N

arsal l

AT TS S0~ —azél______ ,

PART NO. Z o7 -/

UNLESS OTHEAWISE SPECIFIED:
BUXR CONTROL PER 8C883 C¢ S
STO INTERPRETATIONS PEA P1B8
IDENTIFICATION MARKING PER
(Al

waTER AL

a0 7TE 7

PACCESS E
o€

HEAT TAEATMENT

NEXT ASSY USED ON

APPLICATION

B L o P I




OR

This drewing containg designs and other information . REVISIONS
et e e o [rome o DESCRIPTON DATE | APPROVED
s United Swsles Gevernment, this drewing may not,
Vaad 1o martars o . pa dchuand marv
without the prier written parmission of THE GARRETT
CORPORATION,
A
—n] OG
T8 e »2
28 25— p—— 37
\ P - r-o— . ;—’ -36 -
p— J A
s /
= 2" g :
%
1 |
4 7
&
Z/{ \ ) s PO BB T
% 4 >0 S0 arre
' ~ 11 il I
— X TND
. =
i ‘ p— -
: 7o
! o/ ,Z
‘43 gt
Arral T-
: ] .3
/ g —— e
Z/f?f-zauwe-aza \ %
/alfw

PART NO. Z o>, -/

kan ool

I::ffzfé } '"

UNLESS OTHERWISE SPECIFIED:
BURR CONTROL PEA 3C88) C4 S
STD INTERPRETATIONS PER M08
JOENTIFICATION MAAKING PER
mC18

COVYTAACT nO

TERA,

“wo TE 4

-
VALWE ENGA
AT
nEW
A

AIREBEARCH MANUFACTURING SOMPANY D¢ CALIFBRINA
A OIVIBION DF THME SARRLTY COAPORATION
FORRANCE. CALIFORMIA

Tooe SoD >

S0 S&EHL
r—— Finitn PROCESS arvo ~ZL),
— [CItian SUPEAVISOR ot TN RL| PES | CootoinTRG [ owe w0
'T_A.SSV -t :: GOVEANMNT APVD c 70210 ZO¢7/ 74
PLICATION Ak sl /7 Tl S, {SHEET .~ OF

3-75/3-76

I




——_ 32" 62,
28°~. 58
36 7 rve ———at | p—o \
2 AUCS £Q SARCED \7
/85 ’
780 TP /
BEAA
’ YR A
/ ETCHY
4 -
~

7TYP & ALACES

B77z
e
65082
" 6.507894
28588 ova 5 e0re)
-. - .

8. /RREGULAR SURFACE FAROTRUSIONS OF
OO0 AMAX HEIGHT WITH .06 MAX SURFRCE DI
ARE PERAMISS/BLE ON ETCHED SURFACES
BETWEEN RADS.

7 GLASS PEEN ALL OVER FER £145 255,
INTENSITY N2,

& RPUNCUT OF O.0. 70 -A- D149 NEED NOT BE
CHECKED WHILE RART /5 IN FREE STATE
HEAT TREAT Re 43-48 LER A+ -EB875

& MAGNETIC RARTICLE INSPECT PER MIL -/-686

| CALCULATED RATE REF 264,550 LEB/IN
CHEMICALLY ETCH CR MACHINE TO REMOVE
005 -,007 PER SURFACE.,
L ALL SURFACES Y
NOTES: UNLESS OTHERWISE SPECIFIED

l 7 | 6 b 5 }

B T - A Ay S = e oy -
.




{ 4 3 1 2027722 1 .
E:'.'::‘?:?i"::: ﬁ']ul REVISIONS I
| T e S
\ oty sTAnS
i [d
: : ‘ BEL
— 855
BRACAK £DGE .005-.020
TYP ALL OVER AFTER
ETCHING. BOTH SIOES o
P S PACES
|
02-04 #
) 23 om-1
T
s 2ona /A (Sl slcos5 54
l#leoz) ? ez
' THESE SURFACES MAY BE ]
IRREGULAR AF TER ETCHING
.;g__, o 000 ~005 7YR AMASKEIMG MY
. OVERLARL ON ALL RROS(7YR)
POTRUSIONS OF -
. S ARAX SURFACE OIM
CHED SURFACES
CLER EMS 255,
7 NEEDO NOT” &8E w0 2047724 -/
? AT -H - B8BTS OATIOTCATI LS o8 - - on-eama
KCT PER MIL -1-8868 i -
4,550 LG/IN 52D A0 TUBING NOUNT, RESILIEN 7,
ICHINE 70 REMOVE ' X 40 STL, AMT S4/: BEARING '
. D s ...// it p | 70210| 2047324
P SAECIHIED el rselimaan] A\ 7] g L7 AN
’ 4 I 3 I 3 7;/ 3-78 ')'
- - ’

R T Y DR Sl & T T




This drawng containg designt and other
which are the property of THE GARRETT X
Excopt for nghty esprassly granted by
the Unitad Ttates Government, s wsow
1 winie o in part, be duplicated o
used for menuiacture of the purt disc
withou the prior wntten permission of TI
CORPORATION.

— e — 30O

. ' .882

1

" | 59497 5.7

795 D17

5.5/2( rp | - 5g#03 977
5.5//7 | [ATslco;

]

7777l !

G2 x 290 (2 2LCS)

PART NO.2O L7325 -/

UNLESS OTHEWISE SPECIFIED:
SURR CONTRC'. PER $CE53 ¢ &

$TD INTERPFRE ATIONS PER PIBS
TOENTIFICATION MARKING PER
MC16

e TERIAL

E.00 OIF B
234D STL.

L. ZAT TREAT 70 R 40-44 FER T 575090
AL~ - EB875 | —

o

/UL SURFACES /%% 2(7)|2076870- e i
REQD| NEXT ASSY | USED ON o

NO7ES UNLESS O7THERWISE SFPEC/FIED. APPLICATION /2

B B REE

' )

N A L e . .- PN Cenmedn o s . cn W . e e By e e . . . g




A
7 ]

S -
-.'// ‘_L-\D)

This Arswinp containe dosgns And other anf-emation REVISIONS
whicl, are ths pespeety of Tril SARRETT CORPORATION -
Famnt for rghty eawessly granted by contract to | ZONEJLTR DESCRIPTON DATE APPROVED

the United States tawsenment, this drawnng may not,
10 wwe o 1n part, be duphcated or disclosed or
tasd for manutacture of the part disclosed hersin,
Wit wt tha prioe written permussion of THE GARRETY

CORPORATION

PART 0. 2D L 7325 -/

[T 2097525 1}

UNEESS OTHERWISE SPECIFIED:
BURR CONTROL PFA 5C653 0 .5
STD INTERPRETATIONS PER PIBS
INENTIFICAT/\ON MARKING PER

M. 16

CONTRACT NO

AIRESEARCA MANUFACTURING COMPANY OF CALIFORNIA
A OIVISION OF THE GARRETY COAPORATION

V"~

T g T

{\:) .

TORRANCE. CALIFORNIA

[T A

4

Akt

watemiaL

E.00 D/ B9

S3LO ST

AT/ - D = SO

PN LA AN

c 7,
R

Vo N
NEXT ASY HSFDON

VALUE BN

P ’&4,_;3' . Je £

SPACER

MATL

TRESS

I G = Sor - YT 2

) e
TEAY TREATGE T

APPLICATION

/2\

CEAGN SUPERVISOR

#a0pe il kmuinEER
o e

s

Ny

1] COOE IDENY NO

GUVERNMENT APLD

c|70210 2047325

scaLe /7 |

[sneer/ o/

3-79/3-80




A

00,
Sa

6.50
é.27 OA

PART NO. POL T R -/ |

UNLESS OTHERWISE SPECIFIED:
DUAR CONTROL PER SCO83 2.8
STD INTERPRETATIONS PER PIDS
::lmmuﬂou MARKING PER

TERAL

O/0 S7L 5/7?//"

-&98
(/g/a o 1020)

PINISN PROCESS

7’/ ?Méd?ﬂ-/ nEAT TAEATMEAN
REQD! NEXT ASSY SED ON aoveau
L2ANE
APPLICATION
-—————— e am e e - s ata. ,a e e 8 ok PR rom Y -

.a?




-~

/5
/_—'/4 ~

This drawing contairs designs and other information
™he progerty of THE GARRETT CORPORATION

!
3

/A

6.50
s27 9A

st vo. POLTF2E -1

- REVISIONS )
ZONE [LTR DESCRIPTON DATE APPROVED
—— s —— S570CK

277258

UNLESS OTHERWISE SPECIFIRD:
SURR CONTROL PER SC83 ¢ 5

A DIVISIGN OFf THME SAARETT CORPORATION

w Allllnleﬂ MANUFACTURING COMPANY OF CALIFORNIA
i, TORRANCE. CALIFOAMIA

STD INTERPRETATIONS PER PI10S
OENTIFICATION MARKING PER
MCis
RATIRIAL
ONO S7L STRIFP
QR -5 -8698
(100 o 1020)
—— Fimian PROCESS
&/ OEEB70 -/ AEAT TRUATMENT
Q0] NEXT ASSY E

APPLICATION

WA’&‘/EA’ SHIM

c 70210 204 7728

SCALE 77|

[sueer /  oF /

;L/- 3-81/3-82

L I I S e A ]




g

Sa
Lo

| WARNING: |
DO NOT OPERATE T_

36
2.9 I CONTINUOUSLY -
2P 5 BETWEEN
1 9000 - 13000 RPM
(-1)
— 1
I WARNING | |
a1 HIGHLY
1 34 MAGNETIC b g
3.3 g
- 3.2
(" 2) PART NO. 2047529‘,_

UNLESS OTHEAWISE SPECIFIED:
SURP CONTROL PER 3C883 O 8
STO INTERPRETATIONS PER MBS
IDENTIFICATION MARKING PER

MC1e
A\ mareriaL ; apHESIVE BACKED METAL FOIL AN
PER EMS 729 TYPE ZIL -A S
FINISH i DATA LETTERS TO BE RED e
ANODIZE ON NATURAL COLOR 1 2]5/8905-1]312309-1
BAC’( GPDUND [ 5/&405’, 5/8404 -/ HEAT TRARATMENT p———
NOIE UNLESS OTHERWISSE SPECIFIED. precelyextasy_usspon |
) APPLICATION

ALY

-

ot e SR e e I b oo i e S

\ ?




PM

REVISIONS

DESCRIPTOM DATE

SEE ENGINEERING ORDEKR

Jj 3 4L

\TE
LY

PART N0. 2 0% 7523/

(2077225}

UNLESS OTHERWISE SPECIF IED:
BURR CONTROL PER BCNE3 C¢ S

pa—
CONTRACT w0

w AIRESEARCH MANUFACTURING CONPANY BF CALIFORNIA
A DIVISIOW OF Tl SARSCTY CONFORAY DN
-~ TOSAAMNCE. CALTORNA

STD INTERPRETATIONS FER NS ry 7

TOENTIFICS TION MARKING PEA

oe 16 C=s 5 ot -
. Fuam; EoT P2y A

LABEL, WARNING

VN

vaL v &
39
e

% 1w SROCESS

830311318404 -1 Rl e T e T

”‘/‘574‘0559/ 5/54.94;: GaL T I 1115 Cc 70210 2047329

APPLICATION scact 77 [sneer/  of/
’ /) 3-83/3-84 .

d\/

+ o e e 1 ) e -

-~ . '\\ -
P . ]




i
—
TROL AREA
5 CONTROL TEST AREA
- -
' i POWER SLFPALY
. ' ) j=— f
4OOA J ' FSTIUNT -
L -
[ N
s
DISPLAY'S L r
. ’ h E
C £VPS
PRESS 4
[} |
p— | TEMP
| ] | ——
! HEAT
- r'"_g ExcH |
[PRessore |—) : "
SIGNAL ; SPRESS 1
DITICNIH G I——_ " COOLING
— WATER
1
[ =-——“°
DIGITAL 75 55 A
s ANALOG ?‘___} Row —
CONVERTER| 23;,""” 1
TROL
: No NzR/R?E—-(E———‘ﬁ r
j TEMP -
1
T  [PRESS  Fow: ' CURRENT _ VOLTS - : S
f RESERVOU
| DIGISTRIP
‘ DATA ACQUISITION SYSTEM -
A
1 FIREWALL
[ 4
% ) » [} & i 5 f 4
§
¥

P A




A

[~ ] 11 .

v o S e REVISIONS
Tom [LTR EICIPTION 3
-,

i
i

T
ilu

e
I
!
|

it
l:
’
i
!

!
:
]
!
]

TEST AREA v D

a5

—>FlOW - FLOW <—

= TEMP TEST ARTICLE TEMP < , [
THERMOCOUPLES (10)

; '*‘D:\__ - »PRESS T PRESS <—

/.
e TEST FIXTURE

v PRESS<—
PRESS Q—E—-—— PRESSe— §
TEMP 44— : 'S
TEMP a— FLOW. TEMP ‘__j )
) X

d .
NEAT | 7 <
EXCH e
P d
. J

L
:
5

7]
Fum VALVE
FILTER
PART MO,
s oot vt SO RSY E— T —
oo T A
e -

~— STATOR COOLING TEST

b |70210|94-38B-0434
T Tean7 o7}

L
3-85/3-86

| T ~07/2-C%
2

T e g o M ———— T e ————



D .A"r;‘u__-‘{,"\”‘ lory | vhar Ma. [ SPORTRLITING R
. ' \ [N SRS Tewr (eer

T PR LI (URRE SV O § e e
. Tace o
! X B o3RO 10esd Turana METELnia Pyl
| a | jemnoeenmss | Dew Courton VAo
|
i ] Vs 3 Maoden]  NeeT Cwenuese
! . L s Jeresa |l Geee meareevauw
} ~4._ | a A Uubl, Hereg it /oy ve I
i ——— \I:l _ \S Tigeses cauby
‘ ~& 3 LFle ot LESR Cox Viedw YeTee
| 6 S 12030 b, Wensuee TeAusOuche . ..
i NS 1 Tatee 1O Mo U
: s [ U fssararsel | Heoo Al SS 000 Cwns Seac
: [ TNV

[ \ XR 26- 16608 Maled  SubdLy oV _‘ban A

Mares:

1N TesT Lacariand  AavTu

AN TesT Atsa Ta Le Koadid aff aS NaALE®NASUS
Tewr FraaruRe Ta & Fuil e wiucaTi Ta RsvaT

)
4)

Hear Lass s 4a0°F

EALT &m0 Tesrdeu. 18

uay

wive NG 1e WRKATE O ATENY WAL sdar Suewu

A Bsaisay Feue

L MmRaTY

N

v

usaathou




.
¥ S
|| e

BLVISIONS

ot [LTR O SLIPYION [— '3

HIE
;lli'
i
Il

|

[ ]
1
i
.
i
]

Ceu U S

—sTQirenT RAuc i

@) Poulee SubAv !
/
. |
000
/ c
Onsaevanaw MHieeae.

DY GisntaAt Pl T NGUSUEL

/\
\P—

C

e

/ USTeukuT (At To Ract

Lo e WATER

T toanteon. M@,

v
N \\ ~A) Lautrial VALVE AL Ta ofEM
) Mntow IiimP Aqt'V \
) ¥Vrosworav i
|
PORT N0,
T T g
1 hd ..‘—..mmm A
o [ =W 7Y TN - huspmennindvnonsd
1) IFWIENS Y]
i L et TATA® Cnavil Tacr @
Lroa———— 3-8 0w over ePraaT
v T ‘D|70210| LS 13307
APPLICATION . SCALE I (11 o
v Y L g
{ 4 | 3 [ 2 [ '
OZ 3-87/3-88
I A o - - - .-
T SR T e Bl 01 0 Ty W AR R ARG T, 0 (PR S s oo s T T




4, NO LOAD TEST PLAN

The no load test plan for the 5 MW generator (AiResarch Reoort 80-18822)
is presented as Exhibit 4A, This report is submitted for approval.

4-1/4-2

M e agn
- Ay

»

S

P




Vg
R

EXHIBIT 4A

AIRESEARCH REPORT 82-18822
NO-LOAD TEST PLAN
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1.  INTRODUCTION
1.1 SCOPE

No-load testing of the 5-Mw permanent magnet generator as described in this
report will be an intermediate step in the development of an advanced nonsuper-
conducting synchronous generator for airborne applications. The rotor and
stator/housing are presently being developed under two separate contracts with
the Air Force Aeronautical Systems Division, Wright Patterson AFB, COhio, for
delivery in early 1982 and mid-1983, respectively.

This test plan is beihg prepared well in advance of hardware availability
in order to effectively schedule the fabrication of special test equipment and
to ensure ready utilization of the test facility.

A cutaway drawing of the generator to be tested is shown in Figure 1-1.

1.2 TEST FACILITY

The generator will undergo its no-load checkout at the AiRasearch Torrance
facility, Building 9A, Test Cell 31, After setup, approximately one week of
testing will be required-to_perform the tests outlined in this plan,
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Figure 1-1. Complete 5-Mw Generator Design
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2.  GENERAL REQUIREMENTS

2.1 TEST SETUP

~ AiResearch Dwg. SK74954 details tha 5-Mw generator as it will be conficrred

for testing.

The overall test setup schematic is shown in AiResearch Dwg. $4-3B-0532.

Major design parameters for the generator are listed in Table 2-1.

TABLE 2-1
5-MW GENERATOR DESIGN PARAMETERS

Paramcter Value

Rating into 3-phase, full- 1,046 vdc, 4,780 adc 9@ 18,000 rpm

wave bridge
648.3 v/phase (air gap), 3638 amp/phase

Current density, amp/in.2 36,270

Stator temperature, °F 450
Rotor temperature, °F 200
Overall length; in. 1 43.
Overall diameter, in. 16.25
Total weight, 1b 500

4-9




-

2,2 COOLING REQUIREMENTS

|

i

| - 2.2.1 Rotor
‘ The permanent magnet rotor will be cooled by forced air generated by a

‘ test cell centrifical blower and measured with an orifice or venturi section.
‘ Cooling air will be discharged into the test cell (see Figure 2-1).

|

Operating parameters are the’following:

Parameter _ Requirement
Airflow " 100 to 300 cfm

Air pressure
| Inlet . Ambient plus 0.5 péig
Outlet _ Ambient

Air temperature

Intet Ambient )
Outlet To 210°F
2.2.1.1 Blower quer Requiréments
Power requirements for the blower are 230-460 vac, 3-phase, 60 Hz, 2 hp. )&

2.2.1.2 Instrumentation ]

Instrumentation requirements are as follows:

Parameter Reguiremént
Flow Measuring section inlet static pressure
gage (1) and delta pressure
gage (1)
Pressure Unit inlet pressure transducer (1) 3
Temperature\
Inlet \ Thermocouples (2)
Outlet Thermocouples (2)
H
g, 4-10
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ROTOR O
COOL ING
BLOWER
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(5)139 AIﬁTOUT
: THERMOCOUPLES
e N
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“‘<:)PRESSURE
S~MW
-1 ADVANCED HIGH-POWER
GENERATOR
A-15304 -A

Figure 2-1. Rotor Cooling System

2.2.2 Stator

Stator conductors will be cooled by oil pumped through passages around
The cooling system (see Figure 2-2) will utilize a two-pump

approach because of the requirement for a subatmospheric discharge pressure
(7 psia) and a vented sump.

Operating parameters are shown in Table 2.2,
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Figure 2-2. Stator Cooling System

2.2.2.1 Pump Power Requirements:

Power requirements for the pumps are as follows:

Parameter

Supply

Scavenge

Requirement
230 to 460 vac, 3-phase, 60 Hz, 1 hp

230 to 460 vac, 3-phase, €0 Hz, 3 hp




‘ TABLE 2-2
STATOR OPERATING PARAMETERS
Parameter ‘Requirement
) 0il Dow Corning 200
N 0i1 Flow |
Inlet Nd. 1, gpm 6.25
- Inlet No. 3, gpm 12.5
Inlet No. 5, gpm 6.25
Total, gpm 25.0
, OQutlet No. 2, me 12.5
- Outlet No. 4, gpmAT 12,5
1 Pressure
Inlet, psia 19
e \ Outlet, psia 7
1: } | Temperature
\ Inlet, °F 120
Outlet, °F To 250
/: Filtration,u 25
. Sump capacity, gal 50
Ultimate heat sink Cooling tower water
' at TBD Btu/hr rate
//
N
b
; £ 4-13
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2.2.2.2 Accessories
One level sight gage and five mechanical pressure gages are required.

2.2.2;3 Instrumentation

Instrumentation is required as follows:

Requirement

~ Flow Inlet transducers
4 0 to 6.25 gpm (2)

Parameter

0 to 12.5 gpm (1)

Pressure Inlet gages

(psia) (3)

Outlet gages

(psia) {2)
Temperature Inlet thermocouple (1)

Outlet thermocouples (2)

2.2.3 Bearings

The rotor bearings will be cooled and lubricated by a system providing
air-o0il mist under pressure (see Figure 2-3).

Operating parameters are shown in Table 2-3.

2.2.3.1 Instrumentation

Instrumentation requirements are the following:

Parameter Requirement
__Pressure Inlet gage (psia) (1)~~~
Temperature Inlet thermocouple (1)

Outlet thermocouples (2)

. ar

\“\
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Figure 2-3. Bearing Cooling and Lubrication System
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BEARING OPERATING PARAMETERS

Parameter Requirement
01 Mobile Jet II
(MIL-L-23699)
Flow
Air, 1b/min 0.045
0il T8D
Pressure
Inlet, psia 15.3
Outlet Ambient
Temperature
Inlet Ambient
Qutlet TBD
Filtration,p 10
Sump capacity, oz 10

2.3 MECHANICAL DRIVE SYSTEM REQUIREMENTS

The 5-mw advanced high-power generator will be supported by a heavy weld-
ment stand. The stand in turn will be bolted to the test cell floor bed plate.
In addition, the drive motor and gear box will also be bolted to the bed plate
(see Figure 2-4).

The generator will be driven by an AiResearch manufactured standard light
rail vehicle traction motor through a Vistar 7.7 to 1 step up gear box.

Drive system torque will be measured by a Lebow rotary transformer torque
sensor with a maximum rating of 500 inch-pounds. The final drive system will
consist of a specific pillow block assembly and flexibox two element disk/
diaphragm coupling adapted to the generator shaft (see Figure 2-5).

4-1§




!.‘ I —— .
i h —
!
I
|
s
o

FLEXIBLE COUPLING 5 MW GENERATOR

- / - / -l

1 . t ]
bl | ] |
1 \ /I |
T ST SUPPORT
=\ P

OOl

27777777777

TEST CELL BED PLATE _—

F—4——

Figure 2-4. Generator Mounting

8
\ 4-17
T PRSI e e o r r——— I i s 00 A £ i to st o9 = — ad
. . o ‘ ’ S——
-— B T, e ———— s~ e st e = b v —— - -— e -
P ]
f—— - B
~—~. .
T . \
]




(maip doy) wayshs aapug LeoLuUeYday °G-2 aunbyg

SOr9Zy
. o]
¢} o ) Y774 AHV
YOLV¥INID H ,
¥3IMOJ HOIH GIINVAQY oz:mﬁmw w%wuwm smw.w%
MW S —
i @ @ 1:57 X083V3D
o o NOISSINSNYYL X08¥vV3O
o F X WOVYNHdYIG HVISIA
O . @ WdY 005 dH 0S¥
ANV1S 130ddNS | 4oL10W 3AING ANTS
| @ L4VHS @
h JAING W W
IN3A @
Y3103y
AVI3Q
@ 3ISYHJ

EEE

4-18




LY S

-
2.3.1 Power Requirements
Drive horsepower and torque requirements are based on a no-load loss
estimate of 71.2 kw at 18,000 rpm.
Generator input horsepower
7.12 x 104 w
746 w/hp = 95.4 hp
Generator input torque
95.4 hp x 33,000 1b-ft/min./hp
2 x 18,000 rpm = 27.8 ft-lb
2.3.2 Drive System Components Required for Testing
Item No. from , _
Figure 2-5 Requirement

1 Phase delay rectifier, supplies power and control for
drive motor. Standard laboratory equipment

2 Drive motor, SLRV traction motor, 450 hp, 4500 rpm.
Standard laboratory equipment.

3 Drive shaft assembly, floating shaft with two single \
flex gear couplings (Zurn). Standard laboratory
equipment,

4 Lube system, gear box, MIL 23699 oil, 35 psig.

Standard laboratory equipment.

5 Gear box, Vistar 7.75 to 1 step-up, 150 hp, Model
6513-3, S/N 664-16. Standard laboratory equipment.

6 .. . ... Torque sensor, Lebow Model 1615K-500, 500 inch-pounds,-
20,000 rpm, rotary transformer type, air/oil mist
lubricated. Standard laboratory equipment.

7 Drive coupling assembly, dual angular contact bearings,
air/ofl mist lubricated. Provides speed signal and
shear section protection, set point 900 in-1b. Special
test equipment,

8 Transmission assembly, diaphragm. Manufacturer
Flexibcx, type Metastream, Model 3.5 T, spacer 5 inch.
Rating 3.5 hp/100 rpm, maximum speed 25,500 rpm.
Provides connection from drive coupling to generator
and necessary flexibility to cope with residual
misalignment.

4-19/4-20
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3. TEST INSTRUMENTATION

The insirumentation to be used for generator testing is listed in

Table 3-1.
TABLE 3-1
TEST INSTRUMENTATION
System Measurement Sensor Type Quantity
Orive Motor Temperature, tield Thermocouple 1.
Voitage, arm. Meter 1
field Meter 1
Current, arm. Meter 1
field Meter 1
Drive coupling Speed Mon~pole 1
Temp. bearings The~mocouple 2
011 mist pressure Gage (psi) 1
Vibration Accelerometer 1
Gearbox Temp. high speed
shaft bearings Thermocouple 2
0i1 pressure Gage (psi) 1
Vibration Accelerometer 1
Torque Sensor Torque, inch-1b. AiResearch special
test equipmant,
optical phase
shift type, or
Lebow 1615K-500. 1
Temp, bearings Thermocouple 2
011 mist pressure Gage (psi) 1
Purge pressure Gage (psi) 1
Rotor Vibration, vertical " Accelerometer 2
horizontal Accelerometer 2
Temperature Temperature
sensitive paint
4-23
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Rotor Cooling Temp., air inlet . Thermocouple 1
air outlet Thermocouple 1
Pressure, air inlet .Gage 1
Air Flow, 1b/min. Orifice 1
Stator Conductor Temp. Thermocouple 44
Stator Cooling Temp., o0il inlet Thefmocoup1e 1
oil outlet Thermocouple 2
Pressures:
oil inlet 0-25 psia Gage 3
0il outlet 0-25 psia Gage 2
0i1 flow 0-15 gpm. Turbine 3
Bearings, Temperature: :
Generator oil mist inlet Thermocouple 1
0il mic*t outlet Thermocouple 2
Press., oil mist
inlet Gage 1
Electrical Voltage Digital voltmeter 1
Wave form dsci]loscope 1
4.24
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4. NO LOAD TEST PROCEDURE

The following must be verified before testing begins:

SLRY drive motor cooling air on

Gearbox oil system on, 30-35 psig

Torque sensor purge on, 3 psig’

Torque sensor bearing mist on, 10 psig

Drive coupling bearing mist on, 10 psig

Unit rotor air flow on, 250 scfm

Unit rotor bearing mist on, 10 psig

Cooling water on

Stator scavenge pump on

Stator supply pump on, set required flows in 3 circuits

After all the lubrication and cooling systems have been thoroughly
checked and the required coolant and air flows have been demonstrated, the
alternator may be tested at speed according to the procedures outlined below.

This series of tests will determine the no load voltage versus speed
characteristics of the alternator and the stator cooling capabilities with

iron losses only. : ﬂ
The losses under no load and rated load were predicted by mathematical .
model Bigmag to be as follows: A ' ) J
WATTS x 1000 at 18,000 rpm R
Loss Type No-Load Rated Load
Iron 58.6 41.0 !
Copper 0 136.0 :
Stray 0 45.3
Windage 12.0 ‘ 12.n
Pole Head 0.5 1.0 !
1
Rotor Damper 0 7.7 '
Total Losses 71.1 243.0
4-25
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A considerable amount of power (71.0kw) must be dissipated by the stator
cooling system during no-load operation even though no output power is being
used. . '

The test is begun by running the alternator at 1000 rpm and then increasing
the speed to 18,009 rpm in 1000 rpm increments. Discrepencies in any of the
test variables must be resolved before moving to the next higher speed. The
test variables that must be recorded are shown in the sample lab data sheets in
Figiures 4-1 and 4-2. The actual gathering of data will be done with a data
logger such as the Kaye Digistrip II or III. The acceptable range of the
variables during the testing is shown in Table 4.1. The data logger will be
programmed to register an alarm if any of the minimum or maximum values are
sensed. Input power is a variable that is calculated according to the following
equation,

Input Power(kw) = Shaft Torque (1b.-ft.) x 2 x 7 _x rpm x 0.7456 k¥
| 33,000 hp

1
i
i

‘This calculation can be performed internally by the data logger and printed

out along with thq other variables.

|
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TABLE 4-1
OUTPUT VARIABLE RANGES

Range
Variable

Min Max Units.
Speed , v 0 18,000 rpm
Volts, line to neutral 0 588 volts
Coolant inlet pressure 5 20 psi
Coolant flow 9! ' .2 gpm
Coolant inlet temperature 75 250 °F
Coolant outlet temperature 75 400 °F
Bearing temperature 75 300 °F
Bearing lube system - 10 20 °F
pressure
Stator back iron 75 400 °F
temperature
Roto, inlet air pressure 20 30 psi
Shaft torque 0 30 ft.-1bs,
Input power ' 0 71 kw
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5. SYSTEM SAFETY/HAZARD ANALYSIS

A preliminary hazard analysis has been completed for the aavanced high-
power generator test. All hazards found appeared to be adequately controlled
except that of dropping the generator during installation. Extreme care should
be exercised in 1ifting the generator since no dedicated attachment points have
been provided. This document supplements AiResearch Report 80-17402. '

5.1 ANALYSIS

The preliminary hazard analysis for the advanced high-power generator test
is contained in Table 5-1. Column 1 of the table lists the hazardous condi-
tions that are or may be present during testing or installation of the genera-
tor. The possible causes of these conditions are listed in Column 2. The
third column lists the possible effects of the hazardous condition. Hazard
levels were assigned to the hazardous condition effects per MIL-STD-882A cate-

gorized as follows: )

Hazard Category

Classification : Description

1 May cause death of personnel or loss of generator or test
(Catastrophic) facility (unrepairable).

11 May cause severe injury to personnel or major damage to
(Critical) generator or to test facility (repairable).

I11 May cause minor injury to personnel or minor generator or
(Marginal) test facility damage,

IV Will not result in injury to persoanel or damage to the
(Negligible) generator or to tha tes\ facility.

These hazard levels are applied in the\fourth column of Table 5-1. The

last column lists recommended corrective action and describes the protective

features of the generator and test facility.
5.2 CONCLUSIONS AND RECOMMENDATIONS |

There are four Category II hazards, four Category III hazards, and one

- Category IV hazard associated with the installation and testing of the advanced

high-power generator. Adequate protection has been provided against all hazards
except those associated with 1ifting the genefator. Special care must be taken
to p;event damage to the generator or injury to personnel when the unit is
moved. o
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5. LOns TEST PLAN

The test plan for the
presented as Exhibit 5A,

5 Md generator (AiResearch Report 81-17964) is
This report was approved in a previous submittal.
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FOREWORD

This test plan describes the procedure for testing a 5-Mw permanent magnet
generator currently being built under the Advanced High Power Generator program,
Contract F33615-76-C-2168, sponsored by the Power Systems Branch, Aerospace Power
Division, of the Aeropropulsion Laboratory at Wright-Patterson Air Force Base.

At Wright-Patterson, the program is under the technical direction of
Paul R, Bertheaud. At AiResearch, Fred B. McCarty Is principal investigator,
Frank E. Echolds is project engineer, and Andrew R. Druzsba is program manager.
Special acknowledgement is givan to Paul Gassen, AiResearch test engineer,
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5.2 Conclusions and Recommendations
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LS INTRODUCT ION

1.1 SCOPE

Full=load testing of the 5-ww permanent magnet generator as described in
this report will be the fina! step In the development of an advanced nonsuper-
conducting synchronous genarator for alrborne applications. The rotor and
stator/housing are presently being developed under two separate contracts
with the Air Force Aeronautical Systems Division, Wright Patterson AFB, Ohio,
for delivery in late 1981 and mid-1983, respectively.

This test plan.ls being prepared well in advance of hardware availablility
in order to effectively schedule the fabrication of special test equipment and
to ensure ready utilization of the test facility.

A cutaway drawing of the generator to be tested is shown in Figure 1-1.

1.2 TEST FACILITY

The generator will be delivered to the Compressor Research Facitity (CRF), '
Wright Patterson AFB, for testing after a no-load checkont at AiResearch. .
Generator test support requirements have already been coordinated with CRF
personnel. After setup, approximately three weeks of testing will be required :
to perform the tests outlined in this plan. .)
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GENERAL REQU!REMENTS

2.
2;1 TEST SETUP
The overall test setup schematic Is shown in AiResearch Dwg. 94-3B-0401.
Major design parameters for the generator are listed in Tablé 2-1.
|
TABLE 2-1
&-MW GENERATOR DESIGN PARAMETERSA
Parameter value
Rating into 3-phase, full=- 1,046 vdc, 4,780 adc @ 18,000 rpm ' H
wave bridge \
' 648.3 v/phase (air gap), 3638 amp/phase
Current density, amp/in.2 36,270
Stator temperature, °F 450
Rotor temperature, °F 200
Cverall length, in, - 43
Overall diameter, in. 16.25
Total weight, |Ib 500
5-11 /5-12
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2.2 COOLING REQUIREMENTS
2 . 2 . 1 RO*Or

The permanedf magnet rotor will be cooled by forced air generated by a
test chamber centrifical blower and measured with an orifice or venturi sec~

tion. Cooling air will be discharged into the test chamber (see Figure 2-1).

Operating parameters are the following:

Parameter Reguirement
Airflow 100 to 300 cfm

Air pressure
Inlet Ambient plus 0.5 pslg>
Outlet AmBienf
Air temperature
Inlet Ambient
Outlet To 210°F

2.2.1.1 Blower Power Requirements

epm—4

Power requirements for the blower are 230-460 vac, 3-phase, 60 Hz, 2 hp.

2.2.1.2 Instrumentation

Instrumentation requirements are as follows:

Parameter _ Requirement
Flow Measuring section inlet static pressure

transducer (1) and delta pressure
transducer (1)

Préssure Unit Inlet pressure transducer (1)

. Temperature
inlet Thermocoup les (2)
Outlet Thermocouples (2)
|
7 5-14
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"ROTOR O
COOL ING

BLOWER
250 CFM
SIGNAL
™1 CONDITIONER
AIR OUT
PRESSURE .
TRANSDUCERS ~=<J__|
' ) ( (1 THERMOCOUPLES

="

L

AP TRANSDUCER

- ' 5-MW
“H1t-1— = ADVANCED HIGH-POWER
GENERATOR

- A-16304

Figure 2-1. Rotor Cooling System

2.2.1.3 Alarms

Alarm requirements are the following:

Parameter » Regulremenf'
High discharge temperature 1
Low airflow 1

2.2.2 Stator
Stator conductors will be cooled by oil pumped through passages around the

conductors. The cooling system (see Figure 2-2) will utilize a two-pump
approach because of the requirement for a subatmospheric discharge pressure

(7 psia) and a vented sump.

Operating parameters are shown in Table 2-2.
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GENERATOR

5-MW
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T 7. T

PRE SSURE 1 2

TRANSDUCERS
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r 1

1 ]

222

7 THERMOCOUPLES

FLOW

(3)

i

——{" THERMOCOUPLE

COOL ING
3 WATER

FILTER ;

STATOR 0OIL
SUPPLY PUMP

[: STATOR SCAVENGE
PUMP

] — —

BACK PRESSURE SUMP
CONTROL VALVE (pc 200
FLUID)

Figure 2-2.

2,2.2.1 Pump Pcwer Requirements:

Stator Cooling System

Power requirements for the pumps are as follows:

Parameter
Supply

Scavenge

Requirement
230 to 460 vac, 3-phase, 60 Hz, 1 hp

230 to 460 vac, 3-phase, 60 Hz, 3 hp

5-16 .
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TABLE 2-2

STATOR OPERATING PARAMETERS

Parameter Requirement

oil Dow Corning 200
Oil Flow °

Inlet No. 1, gpm 6.25

inlet No, 3, gpm 12.5

inlet No. 5, gpm 6.25

Total, gpm 25.0

Outlet No. 2, ypm 12.5

Outlet No. 4, gpm 12.5
Pressure

inlet, psia 19

Outlet, psia 7
Temperature

Inlet, °F 120

Qutiet, °F To 250
Filtration,u 25
Sump capacity, gal 50

Ultimate heat sink

~ CRF cooling tower water

at TBD Btu/hr rate
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2.2.2.2 Accessories

One level sight gage and five mechanical pressure gages are required.

2.2.2.3 Insfrumenféflon

Instrumentation is required as follows:

Parameter , Requirement
Flow ' Inlet transducers

0 to 6.25 gpm (2)
0 to 12.5 gpm (1)

Pressure Inlet fransducers
(psia) (3)
Outlet transducers
{psia) (2)
Temperature inlet thermocouple (1)

Outlet thermocouples (2)

2.2.2.4 Alarms |
Alarm requirements are the following: ' )&
Parameter Regulremenf. ‘
High outlet temperature : 2 - ;
Low oi! flow 3

2.2.3 Bearlings

The rotor bearings will be cooled and lubricated by a system providing
air-oi! mist under pressure (see Figure 2-3).

Operating parameters are shown in Table 2-3.

2¢2.3.1 Instrumentation

Instrumentation requirements are the following:

Parameter Requirement
Pressure " Inlet transducer (psia) (1)
Temperature Inlet thermocouptle (1)

Outlet thermocouples (2)

5-18
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‘ 5-MW %
H1-1——  ADVANCED HIGH-POWER —Xr
» GENERATOR . -
: MIST
MIST . : ouT
s L
T’ ouT
| e OUTLET COALESCER
- THERMOCOUPLESS -
COALESCER
PRESSURE
TRANSDUCER . ,
@ [o
MISTER FILTER
- ﬁa-—-ﬁ- REGULATOR f— 190-PS1G
THERMOCOUPLE/H
BEARING LUBRICATION SYSTEM A-18303

Figure 2-3. Bearing Cooling and Lubrication System

2.2.3.2 Alarms

Alarm requirements are the following:

Parameter Requirement
- - High outlet temperature 2 S

2.2.4 Rectifier

The 3-phase bridge rectifier will be convection cooled by the CRF test
article cooling system that circulates air inside the test chamber at 15,700
scfm and 100°F maximum temperature.
2.2.5 Water-Cooled Load

The load bank will consist of a submerged conductor tapped resistor érray.

Cooling will utilize the latent heat of vaporization of water primarily, plus
convection.

5-19
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TABLE 2-3
BEARING OPERATING PARAMETERS

Parameter Requirement
ol | Mobile Jet 11
’ ~(MIL-L-23699)
Flow
Air, Ib/min , 0.045
il } T80
Pressure | ]
Inlet, psia F 15.3
outlet N Ambient
Temperature |
Inlet . ; Ambient
~ Outlet i TBD
.Filtration,u E 10
Sump capacity, oz g 10
!

2.3 MECHANICAL DRIVE SYSTEM REQUIREMENTS

The 5-Mw advanced high-power generator and support/shield will be installed
in the test chamber with attach points at the bulkhead and the front mount plate
(see Figure 2-4). '

The generator will be driven by the high- or low-speed motor In combination

with high-speed gearbox 3 (refer to Figure 2-5). This drive system will provide
the necessary power over a speed range from 2,000 to 18,000 rpm (Figure 2-6).
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TEST
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FRONT '//”/”/”t///”/””‘”:1//1/»
MOUNT !

PLATE
BUL KHEAD
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GENERATOR \

SUPPORT
ADAPTER
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COUPLING

GENERATOR
SUPPORT/SHIELD

A-15306

.
.
TILEIIVISITEIILIRIOUIIIIL ISP 04 7o

Figure 2-4. Generator Mounting

2.3.1 Power Requirements

Horsepower and torque requirements are estimated below.

Generator input hp

6
5 x 10 w
746 w/hp x 0.96 eff = 0982 hp

Generator input torque

6982 hp # 33,000 |b-ft/min./hp
27 » 18,000 rpm = 2037 1b-ft

5-21
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HIGH-SPEED GEARBOX 3

30 - ' 30 - :
14,000 RPM
w04 18,535 RPM 20 —
>
g 10 /

pd

1R Ri IR R R H
2 30 6 12 18 24 30

RPM ' A-15306
b. HIGH-SPEED MOTOR

s. LOW-SPEED MOTOR

Figure 2-6. CRF Power/Speed Range

2.3.2 Special Drive System Components Required for Testing

Special drive system components required for Tesfing are: ' )d
. N
item No. From !
Figure 2-5 ~ Requirement _ . )
13 a. Adaptor, generator to flexible diaphragm coupling

b. Double flexible diaphragm coupling

2 a. Torque sensor, range to provide usable sensitivity
at 2037 1b~ft

b. Shear section, to provide protection for torque
sensor and generator, not to exceed 2240 !b-tt

- 2.3.4 Existing Drive System Components Required for Testing

Existing drive system components required for testing are Iisfed in
Table 2-4. Component numbering corresponds to the numbering in Figure 2-5.

A drive system analysis will be required to exanine thoroughly the compat- ;
ibliity between the generator and CRF drive with respect to axial, radiaf, and - \

torsional excitation frequencies. _ :
, \

2.4 INSTRUMENTATION RESUIREMENTS

Table 2-5 provides a preliminary list of the instrumentation needed for
generatci testing.
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TABLE 2-4

EXISTING DRIVE SYSTEM COMPONENTS
REQUIRED FOR TESTING

2.5 ELECTRICAL CONNECTION AND LOAD REQUIREMENTS
The electrical system diagram, Figure 2-7, provides a schematic of tie

generator connection and a component layout corresponding to the items listed
in Table 2-6.
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Item No. From
Figure 2-5
(“omponent) ‘ Requirement
1 (Jack shatt pedestal Standard installation
housing)
3 (Jack shafts) Righ speed ,
Per CRF Dwg. 78-M10-0053
Speed range, 16,000 to 30,000 rpm
4 (Flexible diaphragm Condition 3
coupling) Per CRF Dwg. EDS-76-M10-0006
: Speed range 16,242 to 17,820 rpm
Torque max. 58,205 Ib=-in.
5 (High~speed gearbox ‘ Speed range to 30,000 rpm
No. 3) Patio, 7.812% to 1
6 (Quill shafts) Standard installation
7 (Stip ring assembly) For transmission of up to ten two-wire
thermocouple channels at 18,000 rpm
8 (Low=-speed gearbox) Standard installation
Ratio 3.4896 to 1
9 (High-speed motor) Staindard Installation
30,000 hp
10 (Low=-speed motor) Standard lnsfallaflon
30,000 hp \
11 (Shi#t coupling) Standard installation \
12 (Turning and starting Standard installation
Lnits) jL
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TABLE 2-5
INSTRUMENTAT ION REQUIRED FOR GENERATOR TESTING

Component Automatic
or System Msasurament Sensor Tvpe | Nuantity Alarm Shutdown
Rotor Temperature T 10 High temperature (5) No
roteting, °F :
Stator Temperature T 12 High tempersture (6) No
in conductors
and housing, °F
Yibration In T80 2 High vidbration (2) Excessive
drive end vibration (2)
| Vidbration In Teo -2 High vibration (2). Excessive
non~-dr ive end vibration (2)
Rotor Alr inlet T 2 No No
conling tenperature, °F ‘
Air outiet T 2 High temperature (2) No
temperature, °F
Alr inlet T80 1 No No
static pressure,
Static and deite T80 2 Low flow No
!pnssuro in airfiow
{measur ing section
Stator ‘011 inlet temper= | 1 No No
cooling ature, °F
‘Olt outtet tem- T 2 High temperature (2) No
|perature, °F
Oi4 Intet pressure, | Strain gage 3 No No
‘0 to 25 psia :
‘011 outlet pressure,| Strain gags 2 No No
‘0 to 25 psie
(011 tlow, Turbine 3 Low flow (3) No
|0 to 15 gpm
Bear ings FMit intet
, temperature, °F T 1 No No
| Mist outiet T 2 High temperature (2) No
| temperature, °F
Mist inlet Strain gage t Low pressure (1) No
pressure, psig
Orive Speed, rpm Monopole 1 No Excessive rpm
above set point
Torque . Teo 1 No Excesslive
torque
Electricai | Phase balance AlResearch 1 Phase imbalance Phase imbalance
special test
oquipment
Dc voltage Teo 1 No No
Oc current Mittivolt 1 No No
shunt
Dc brasker Auxiilary 1 No No
position contacts
Load control .
contactor position Auxtiiary 8 No No
contacts
5-25
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TABLE 2-6

ELECTRICAL CONNECTION AND LOAD REQUIREMENTS

Item No. From

Figure 2-7
{Component) Requirement
(Fuzes) Manufacturer, J. Shanut

Rated voltage, 2000
Rated amperage, 5000
Quantity, 3; 1 per phase

(Oscilloscope, three
beam, and closed-circuit
television camera)

Allows real=time viewing of 3-phase voltage
without the capacitance effects of a 500-ft
cable run to control room.

(Phase imbalance
detector)
(AiResearch special
test equipment)

This device will provide a signal for dc breaker
opening and rotation shutdown in the event of an
unbalanced generator load. This condition might
result from a single phase short or open cir-
cuit, internal or external to the generator.

(Rectifier, 3¥phase
delta=-connected)

Manufacturer, PS| Inc., PN JD2300-40
Rating, 1500 vac, 2500 Hz, 5000 amp
Cooling, convection air cooled

(High-voltage isolation)

Provides voltage scaling and isolation for the
data acquisition system.

(Dc breaker)

Provides primary control of yenerator load
Manufacturer, Siemens
Rating, 1500 vdc
5000 amp
{ncludes overcurrent trip
Power required, 28 vdc at 5 amp

(Current shunt)

Manufacturer, Empro, Ince.

P. O. Box 26064

Indianapolis, IN 46226

Mode!l, WT-5000-50

Rating, 5000 amp at 50 mv output to data system

(Load bank)

The load will consist of an array of eight equal
resistors each composed of nicrome ribbon of
high surface-to-cross-section area. The resist-
ors will be in turn connected across the output
of the rectifier in parallel by dc contactors.
This will provide an eight-step generator load
zero to 5 Mw at full rotational speed of 18,000
rpme

The total resistor assembly will be submerged
under water In a tank made of nonconducting
material. The tank may require a water makeup
system if high-load testing is conducted for

extended periods.

N

T




TABLE 2-6 (Continued)

Item No. From
Figure 2-7
(Component)

Requirement

9 (Contactor and breaker
amplifier)

Provides power amplification from control system
to dc breaker and eight load-control contactors.
input, low-level signal from control system
input power, as required

Output, 28 vdc at up to 15 amp

10 (Load control

Manutacturer, Cutier Hammer

contactors) Rating, 1000 amp, 1000 vdc
P Power required, 28 vdc at 172 amp
 5-28
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3. TEST DATA ACQUISITION

Exhibit 3A contains a description of the high-speed data acqulsiflon sys-
tem that will be utilized for all generator testing.

The selection of interface equipment, cabling, signal! conditioning, and
programming necessary for data system use wil! be the responsibility of CRF
personnel. The thermocouples installed in the rotor and stator will be the
only instrumentation provided with the generator at the time of shipment to
the CRF.
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EXHIBIT 3A

HIGH-SPEED DATA ACQUISITION SYSTEM
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WIGH SPEED DATA ACQUISITION SYST™M
(HPDAS)

1. This multi-channel, high performance data acquisition
systen consists of the following:

= 475 channels of digital data

~ 48 channels of recorded analog data

=~ 12 channels for use by other systems

- § frequency-to-voltage converters

2. Oulponent Breakdown: »

= 391 Preston Scientific Model #8800 Universal Signal
Conditioners; supplias excitation voltage, bridge balance, cali-~
bration, and signal return circuitry for various types of pressurs
and position transducers.

« 144 Preston Scientific Model #8800 Thermcouple Signal
Conditioners; provides calibration and signal return circuitry for
thermcouple and EMF signals. .

- § VIDAR Model #323 frequency-to-voltage converters.

= 535 Preston Scientific Model #8300-XWBRC Amplifiers; each
with computer controllable gain and filter selection; the filters
are low pass, 3 pole filters and have the following cutoff frequen-
cles: 10 Hz, 40 Hz, 120 Bz, 400 Hz, 1200 Hz and 4 wide band 100 KHz.
The gains result in full scales of 35, *10, 220, #40, $160, $1250 and
25120 millivolts.

A. 321 high performance amplifiers; no special options.

B. 104 high performance amplifiers; with a dual output

capability.

C. 50 high performance amplifiers; with a linear over-
load capability to linearly handle an analog voltage up to five (S5)
times the maximum rated input.

D. 48 AC/DC amplifiers; converts AC signals from strain
gages or other dynamic sensors into a DC analog voltage.

E. 12 moderate performance amplifiers; with no special

v ..

; .options has a narrower bandwidth than the high perforwance.
é’;
5-33
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« One $12 channel differsntial multiplexer -
= One analog-to-digital convertar with a conversion rats
of 100 xuz

= 100 sample~and-hold circuits; for precise time correla-
tion of data; S&B acquires data for th- first 100 channels sisul-
taneously and has a timé displacement of 100 nano-seconds bstween
any two channels. '
3. Data System Performance:

= ‘Overall system accuracy of 0.1t PFS output.

= Throughput rate of 100,000 samples/second.

= A channel check subsystem is provided for on-line cali-
brations of the amplifiers to maintain the accuracy of this data
systen.

4. PM Playback System 4 v
= This system is also part of the HPDAS and consists of
48 channels cf test article data monitored by small oscilloscopes.
The main function of this system is to record, via four analog tape
drives, high speed transient signals which can then be played back
at slower speeds, amplified, multiplexed, and digitized. This infor-
mation is then passed on to the main cooputer for data reduction
via the DAC and the AUX computers.

..
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E__J
CONPUTER POWER
COMPUTER (3) NAIN PUNCTION ss) : PEATURES
Test Article Control = Provides automatic control - 32K of Private
(TAC 1 and TAC 2) of the CRP inlet valves, core memory (each)
2 = MODCOMP I1/45 tast article discharge valves
and test z:iticle variable . « 16K of shared memory
gecnetry items such as stator
vanes and stage bleeds. - Mds 880 alphanu-
meric CRT console
device (each)
« 2.6 Mbyte removable
cartridge disk drive
(edch)
Pacility Control = Acquires Facility Data, drive = 32K of private core
(rcCl and Fcc2) system data and time data memory (each)
2 = MODCOMP 1I/45 : . .
= Controls Drive System opera- = 16K of shared memory
tion ;
= Adds 3980 alphanu- -
= Controls message traffic meric CRT console )
between the monitor camputer - device (each)
and TAC 1, TAC 2, FCCl und :
FCC2 camputers- - 2.6 Mbyte removable ,
‘ cartridge disk drive !
{each) :
Monitor = Operator-Pacility Interface = 64K of private core ’
MODCCMP IV/25 ' mexory

= Drives RAMTEK real time graphic
displays, console switches and =~ 2.6 Mbyte removable

lights - e
= Accepts and exscutes tast seg- -~ n2dds 880 alphanu~
ment displays meric CRF console
device

= Cantral communications camputer
= Two 4411 Card Readars

« Three 9 TRK Tape
Drives

= One 1I5S Disk Drive

= One Tektronix 4010-1
CRT COnso_le Device

5-35
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COMPUTER(s)
Awdliary (AUX)
MODCOMP 11/45

pata Acquisition
{DAC)
MoDCOMP 11/45

Main
IBRM 370/155

COMPUTER POWER {Cont'd)

MATN FUNCTION(s)

« Transfers data from the DAC
computer to the main computer
for data reduction ‘

- Acquizes test article data

- Executes t.ruisduee: calibra-
brations -

« pata Reduction,on-line and
and post processing

« Drives 2250 real time graphic
displays

5-36

FEATURES

- 32K memory

. = 64K of private core

TWEmMOLY

.= 2.6 Mbyte yumovable

cartridge disk drive
=~ 4214 line printer
~ aAdds 8680 alphanu-
meric CRT console
davice
- Oune 9 TRK tape drive
- One 1403 line printer

- 4M byte of private
core pemory

4 Intel 3330 disk
drives )

= 3 8TC 9 TRX 1600/
6250 tape drives

« 1 STC 9 TRK 800/
1600 tape drive

- Ten 3277 alphanu~
peric CRT console
davices

- Two 2250 IBM graphia

« One electrostatic
Gould plotter
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ON-LINE DATA REDUCTION

Two independ:ntly operated IBM 2250 Vecto:-Graphic CRTs allow engi-

neers to organize and graphically present either real~time or post
processed test data. ' There are three modes of operation, i.s., static,
transient and monitor. Data taken in the static mods is uied to gen-
erate map, profile and X vs Y type displays. Data taken in the transient
and monitor mode is used to generate transient type displays.

Pour types of engineering diaplays are available:
1) Compressor Rigs
2) Profiles
3) X versus Y1, Y2, Y3, Y4
4) Transient Displays

Typical Displays are:
1) Pressure ratio vs 8 corrected flow (Map)

2) Compressor efficiency vs M corrected speed (X vs Y)
3) wall static pressure vs axial location (Profile)

4) Stage pressure ratio vs & corr flow (X vs Y)

S) Stage efficiency vs 8 corr flow (X vs Y)

A light pen is used on the 2250 graphics for quick selection of mode
tud definition of displays.

\

f-Line Data Reduction
\ Consists of various printouts and graphics frcn the IBM 370/15%5

and Playback from the FM analog :ccozdi.ng systenm,
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4, TEST CONDUCT

The various tests outlined in the procedures that follow wifl be used to
determine the actual operating characteristics of the 5 -Mw generaforf

. The operating characteristics of the advanced high-power generator as ]
specified in the Air Force statement of work (Section F, para. 4.6.1, F33615-
76-C-2168) include the following important requirements:

Parameter Specification
Output power 5 Mw
Specific weight © 0el 1b/kw
Efficiency 95 percent or greater

4.1 NO-LOAD TEST

4.1.1 Scope

The no-load test entails measuring no-load phase voltages at 2,000, 4,000,
i 6,000, 8,000, 10,000, 12,000 14,000, 16,000 and 18,G00 rpm and the input torque
at these points. : ’

4.1.2 Objective

The objective of the no-icad test is to determine the no~load losses from
the input torque measurement and the no-load operating point between 2,000 and
18,000 rpm.

4.1.3 Procedure

Settings Procedure
1. Rotor, stator, 3. Drive generator at 2000 rpm

and bearing '
cooling systems, 4. Measure phase A, B, and C peak-to-peak voltages on
L ON oscilloscope; measure rpm and drive torque.

2. Dc breaker, OPEN 5. increase speed by 2000 rpm and take measurements of
step 4.

6. Repeat steps 4 and 5 unti! 18,000-rpm boinf is
reached.

7. Calculate the maximum difference between phase peak-~
to-peak voltfages.
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The input torque will be proportional to the generator's no-load losses.
4.2 LOAD TEST

4.2.1 Scope

The load test entails measuring a set of output voltages and currents at
18,200 and 9,000 rpm. ‘

4.2.2 Objective

The objective of the load test is to develop in graph form tte voltage-
versus-current characteristics of the 5-Mw generator and determine its oper-
ating efficiency.

4.2.3 Procedure

The load test is conducfed as described below.

Settings Preccedure
1. Rotor, stator, 3. Drive generator according to test 1 of Table 4-1,

and bearing .
cooling systems, 4. Measure dc voltage and current, rpm, and input torque.

ON
5. Repeat s*eps 3 and 4 until all the tests listed in
2. Dc breaker, Table 4-1 have been run.
CLOSED

6. Calculate the efficiency from input torque and outpur
powei* measurements

7. Plot dc voltage versus dc current at 18,000 and
9,000 rpm. ‘

4,3 COMMUTATING REACTANCE TEST

4.3.1 Scope

The commutating reactance test entails measuring rpm and dc voltage and
current and obtaining an oscillograph of the |ine-to-neutral voltage at the
S=Mw, 18,000-rpm point.

4.3.2 Objective

The objective of the commutating reactance test is to determine the com-
mutating reactance of the generator and the time recuired to complete commuta-
tion.




TABLE 4-1

GEQUENCE OF LOAD TESTS

]

ot Revolutions Load-Bank Resistance, Dissipativae
. per Minute Sections Q Pover, kw
B 1 9,000 1 1.751 156.2
z 9,000 2 0.876 312.4
5 9,000 3 0.584 468.4
1 9,000 4 0.438 624.8
5 9,000 5 0.350 781.0
6 9,000 6 0.292 937.2
7 9,000 7 0.250 1,093.5
8 9,000 8 0.219 1,249,7
9 18,000 1 1.751 624.8
10 18,000 2 0.876 1,249.0
N 18,000 3 0.584 1,873.4
12 18,000 4 0.438 2,498.0
13 18,000 S 0.350 3,126.0
14 18,000 6 0.292 3,746.9
15 18,000 7 04250 4,374.0
16 18,000 8 0.219 5,000.0
4.3.3 Procedure

The test is conducted as described below.

Settings

Rotor, stator and bearing

"cooling systems, ON

Oc breaker, CLOSED

All eight load switches,
CLOSED

5.
6.

7.
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Procedure

Adjust the oscilloscope to display one
cycle of line-to-1ine voltage.

Drive the generator to 18,000 rpm, 5 Mw.

Record dc voltage and current and rpm.

Photograph oscllloscope waveform,




The commutation angle (u) |s calculated by measuring the duration ot the
line-to~-line zero voltage and comparing it to the cveral! duration. The com-
mutating reactance s calculated using the following equation:

,/!.5 ® Vipng (rms)

Xcom (@) = (cos u=1)

'oc
where
Vino Is the line-to=neutral rms open-circult voltage, which Is cal-
culated trom the osclilioscope picture of the rectitied line-
to-line voltage
and
YLin (peak)
Yino (rms) = —————
JE
Vipo (peak) = (V(60 deg) + 1nc # 2 » Ry)/sin 60 deg
where _ ;

V(60 deg) is the instantaneous voltage, line-to~-fine, st 60 deg on the

oscilloscope plcture :

{

Ipc s the measured dc current §
R, Is the phase resistance ot the generator ‘)

H
:
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S«  SYSTEM SAFETY/HAZARD ANALYSIS

A preliminary hazard analysis has been completed for the advanced high-
power generator test. All hazards found appeared to be adequately contro!led
except that of dropping the generator during installation. Extreme care should
be exercised in lifting the generator since no dedicated attachment points have
been provided. This document supplements AiResearch Report 80-17402.

5.1 ANALYSIS

The preliminary hazard analysis for the advanced high-power generator test
Is contained in Table 5-1. Column 1 of the table lists the hazardous condi-
tions that are or may be present during testing or Installation of the genera-
tor. The possible causes of these conditions are listed in Column 2. The
third column lists the possible effects of the hazardous condition. Hazard
levels were assigned to the hazardous condition effects per MIL-STD-882A cate-
gorized as follows:

Hazard Category

Classification Description

| ‘ May cause death of personnel or loss of generator or test
(Catastrophic) facility (unrepairable).

H ‘ May cause severe Injury to personnel or major damage to
(Critical) generator or to tust facility (repairable).

i May cause minor injury to personnel or minor generator or
(Marainal) test facility damage.

v ' Will not result in injury to personnel or damage to the
(Negiigible) generator or to the test facility. :

These hazard levels are applied in the fourth column of Table S5-1. The
last column lists recommended corrective action and describes the protective
teatures of the generator and test facility.

5.2 CONCLUSIONS AND RECOMMENDAT IONS !

There are four Category || hazards, four Category !i| hazards, and one
Category 1V hazard associated with the installation and testing of the advanced
high-power generator. Adequate protecTion has besn provided against all hazards
except those associated with lifting the generator. Special care must be taken
to pzevenf damage to the generator or injury to personnel when the unit is
moved.
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